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Features Concurrent Transfers on a The controller is based on 
_ Floppy and a Winchester Western Digital’s industr 
IBM® 100% PC AT Com- Drive standard Winchester De 
patible Winchester and Caer aera troller device, the WID2010B-10, 
Floppy Controller ertified to Comply wit _ pay er ae nae 
the Limits for a Class B and on a sel-agjusting !/ata 
Controls 1 or 2 544" Computing Device Separator device, the 
Winchester ae Pursuant to Subpart J of WD10C20A-05. In addition, 
(ST506/ST412) Part 156P BCC. Rules three other proprietary 
Controls 1 or 2 Floppy Western rh ses 
Same incorporated on the board, 
Drives at Four Data Rates Description including WD11C00C-22 
Based on Industry Standard The WD1003-WA2 is a (Buffer Manager & Con- 
WD2010B-10 Winchester storage controller that inter- troller). WD16C92 (Floppy 
Controller Chip faces up to two rigid Read-Write Support Device) 
Self-Adjusting Data Winchester disk drives and and WID1015-37A (Processor). 
Separator, WD10C20 up to two floppy disk drives The WD1003-WA2 controls 
On-Board Diagnostics to the IBM Personal one or two S1506/ST412 
5 Computer, model AT Winchester disk drives and 
16-Bit Data Bus and compatibles. 


WD1003-WA2 BLOCK DIAGRAM 
SSS | ADDRESS BUS 


DATA BUS (15-08) 
DATA BUS +07 00) 
NN @ | CONTROL BUS 


\ 


BUS BUS 
“RANSCE G=2 }woriceoc2e | }woriceoc2e | 


Ee ren 


| 
DRIVE 


| 
| | 
INTERFACE 


<LDFCR ,| . | 
. DRIVE CONTROL BUS 
Sa Lee DRIVE DATA 
FLOPPY ED. BUS (2) 
INTERFACE a8 ; 


ADDRESS 
SELECT! 


ORIVE DATA & 
CONTROL BUS 


oe ae # He 2 = £ 
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one or two floppy disk drives. 
The Winchester interface 
accepts a 5 megabit per 
second data rate. The con- 
troller board supports drives 
with up to 16 read/write 
heads and 2048 cylinders. 

‘The data rate for the 
floppy disk interface ts 


programmable between 
125kbps, 250Kbps, 300Kbps, 
and 500Kbps. 

The WD1003-WA2 contains 
all of the logic required for 
Winchester/floppy drive 
control, the Host interface, 
32-bit error correction, data 
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separation, and write 
precompensation. 

A total storage solution for 
PC-AT compatibles is offered 
by Western Digital in this 
single board controller. 
Advanced LSI devices are 
used to achieve low cost/high 
performance storage control. 


WD1003-WA2Z is a trademark of Western Digital Corporation. IBM is a registered trademark 
and IBM PC, PC XT, and PC ATP are trademarks of International Business Machines Corporation. 
Product specifications subject to change without notice. 


Copyright © 1987 Western Digital Corporation. All rights reserved. 
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Thiet Weetern Diaital oroduct has been certified ta comoly with 
the limits yor a Class & computing device ouretuant to Subpart 
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interference wild not occur in individual installations. Western 
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This omaduct was tested and certified with e-terriat siniielded 
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1.5 FEATURES 


om) 


8) 


IEM FERSONGL COMPUTER AT COMFATIGLE WINCHESTER AND FLOF FY CONTROLLER 


CONTROLS UF TO TWO WINCHESTER DRIVES (STS0S/ST412, 16 Rsk 
HEADS EACH, 2048 CYLINDERS) 


CONTROLS UP TO TWO FLOFFY DISK DRIVES 


DOUBLE--SIDED 

DQUELE DENSITY (360 kB, 290 kbs. MFM) 

QUAD DENSITY (1.2 MB, S00 kbs. MFM 

FOUR DATA RATES (S00 kbs, SOO kbs, 200 kbs. and J25 bbs) 
SUFFORTS 269 AND So0 REM SeiWDLle SPEED 


WDOEOLOAR Co WINCHESTER BDISk CONTROLLER 


B-BIT, EI-DIRECTIGNAL BUS HOST INTERFACE FOR CONTROL AND 
STATUS TRANSFERS 


HIGH-SrEED, 16-BIT FIG DATA TERANSFERS 


e2-GIT ECC FOR WINCHESTER ERROR DETECTION AND CORRECTIGN. CRO Far 
ID FIELDS | 


DIAGHOSTIC MODE FOR ERROR CHECKING 

WOLOSCRO DATA SEPARATOR AND WRITE FRECOMNPENSATION DEVICE 
WDOLICOOAR-22 IBM FOC-AT INTERFACE CONTROLLER AND WDL6EC9R- Go 
FLOPPY Disk READ/WRITE CONTROLLER CFIRWC ) Reve ce 
POWER COMSUNTION BMD COMPONENT COUNT 


ALLOWS CONCURRENT QOFERATION OF ONE FLOFRPY AND OHNE WINCHESTER 
DRIVE 


1.4 ARCHITECTURE 


The WDIOOR-WAS is based on the WHLICDOA-2e JEM FC- AT Intervace 
Controller device, WDSZG19A-03 Winchester Disk Controller, WDLGLS- 
ae Buf # er Manager Control Froces=or WOPOCZO Winchester Data 


Separator amd Write FPrecompensation Device. th «we 8S static Feat 
devices as a Sector Butfer, WOoLECG2:>00 Flaoupy Disk Read/Write 
Controller, amd an NEC uF D7S65A Floppy Disk Controller. Figure 1- 


i 


ax functional block diagram af the WDLIOOT-WAS. 


1.4.1 WDOLICQOA-272 


The WDIICOOR-22 incorporates several functians in a Single 
package. Implementation of these functions occurs by combining 
random logic and epecialized circuits. Fhe WDLICODA-22 performs 


the following functions: 
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Hozt hardware interface 

Sector Buffer addressing and control 

IkG generation 

Winchester head selection 

WD1015-237 Wakeup 

Controls Winchester activity LED 

Addresses WD2ZOLOA-OS Task Files 

Receives command and errar information from WDLI0O1S-37 


1.4.2 WD2O10R-0OS5S WINCHESTER DISKE CONTROLLER 

The WD2O1OA-OS ceantrols all data tranefers between the Sector 
Buffer and the drives. The WD2019A-OS performs multiple sector 
Read/Write. Implied and Buftered Seek commands. The WD2OTOrR- O8 
also executes programmable format and error recovery algorithms. 
All Winchester commands are executed through the seven VYastk Files 
of the WDeEOLOA-OS after limited intervention by the WDOLOLS- 37. 


1.4.32 WDiOLeE-2/7 BUFFER NANAGER CONTROL FPROCESSOR 
Tne WhioLa-37 is an SO-bit microprocessor that controls and 


coordinates the activity af the Winchester disk drives and 
WOOL IA-OS. The WD1018-27 receives and sends command or status 
informatian over the internal WD1LOOS3-WAS multiplexed addrecs;data 
bus, HOO through HD7. Controlling firmware resides in the 


WDOLOLS-37'°s BE anternal ROM. 


1.4.4 WDOIOCSO WINCHESTER DATA SEPARATOR AND WRITE FRECONFENSATION DEVICE 


The WDHOLOC2ZO performs phase-locked loop data synchromizatiorn on 


read data from the Winchester drives. fhis device also 
conditions write data to be recorded an the diezk. The WDdDiocea 
rnicludes bath frequency and phase detectican. 2eroao phase errar 
etart-up circuitry eliminates problems due to asymmetry. The 


~RDLTOCZO requires no adjustments and contains all data Senaration 
Circultry in a single device. 


1.4.35 SECTOR BUFFER RAN 

The Sector Buffer is a JE x 8 RAM weed for storing data between 
transfer ovneratians. Since the WD2ZOINA-0S and WDHLOLIS-3y¥ are g- 
bit devices, the WDIICOOR-22 senarates each 16 bit word fram the 
Host into two S-bit bytes. The WDL1ICOD--2e cantrols the placement 
at each B-bit byte in the Sector Buffer. For data tranefers ta 
the Host, the WDLICIO-22 assembles 8-bit Bytes into 14-bit words. 
The Sector Buffer never contains more than S12 bytes. 
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1.4.6 WDI6CIUSZ-O00 

The WD16CS2 is a single chip sunpart device for the NEC uFbD74654. 
Control of the floppy disk data transfer rates is one of the 
functions af the WD1I6C92. Data transfer rates controlled by the 
WD1SC92 are BOO kbs (MFM). 200 kos CHF), 250 kbs (MFM), and 125 
kbs (FM). Other Support functions provided by the WD1I6C92 include 
phase detection, mulse shapina, and clock qeneration for read 
data and write precompensation (+ 125 meec write precompensaticon 
for all data rates except 309 kbs. 2276.35 msec write 
precompensation for 200 kbs.), write data clock, TWTERRUPF 
RECUEST § £§& {IRGS) and DMNA REQUES! 2 (DROZ) qeneration. 
Specialized support functians furnished by the WD1I6C92 are phase 
locked laop again selectian and DRO pulse delay. (Fulse delay is 
neceesary ta canply with AT timing canstrainte.) The only 
external Girculiltry required by the WDIST9VS is a 24 Milz crystal, 
error amplifier, and dual voltsae controlled oscillators (VCUe). 
Dual VCOs are necessary because the 2090 kbs data rate is not a 
multiple of the 125 kbs data rate. VCO selection is performed bv 
the WDLSCI2. 


1.4.7 uFD7650 SINGLE/DOUBLE DENSITY FLOPFY DISK CONTROLLER 


The NEC uFD7465A 18 a floppy disk controller. fost control over 
the NEC uFD/7S5A 15 complete. Ho cni-board processar controls the 
flarpopy contraller. Flopmoy tranzfers are made in DMA mode. All 


floppy commands are supported. 


MOTE 
Refer ta the NEC Micraocemputer Paivisian Cataloq for more detailed 
information on this device. Where differences exist. the values 
and descriptions in this data eheet take precedence over the WEC 
dacumentation. For example, the sector size 15 set at Fi? bytes 
per sector by the AT BIOS even though the NEC controljer  allaws 
programmable sector slzes. 
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GECTIUN 2 
SFECIF ICAL LQHS 
~.el GENERAL 
This 
WA2 Winmchester/floppy Disk Controller. 


2.2 ELECTRICAL 
2.2.1 HOST INTERFACE 


Type 
Max Cable Lenath 


lish! Ftersannal 


cece an DRIVE INTERFACE 
Woanmechester Diels 
Type 


Piax Cable Length: 


Control (Total 
Daisy Chain) o meters (10 feet) 
Data 


Signal (Fiat or 
Twisted Fair - 
Total Daisy Chain) 
Bee eek Fecording Specifications 
Encodina Methad MFM 
Data Fate sltibs 
Format IRM AT comsatible 
Soft. Si2 byte 
by 1/7 per track 
(Numbered | 
through 17) 
2048 


Sectorina 


Gyles 


Heads 14 max 

Drives “ 

SOft Error Rate Loin Jaein 
bits read 

Hard Error Rate Loam LOE? 
bits read 

Seek Error Rate loan 1O&S 


=eeh: =. 
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(Madial-each) 3S meters (190 feet) 


section contains the averals feoecifications for the WDoIOOS 


Comouter AT 
Commects directly to Host motherboard 
with 6&2 pin ana 


26 Pin card edae conmectors 


Flonpy Pisk 
STSEV6G(STALE compatible 


SA450 or Teac 
sae /G--caompatible 


& meters (20 feet) 


FM and MFM 
L2ckOs. Z2o0bbS. 
SVOKbS, BO0kbs 


ITEM AT compatible 


Sort, up to 

IS by Si? byte 
sectors per 
track 

160 max 

= max 


loin 1ob&o9 
bats read 

loin JOEL 
bits read 

lain ives 

seeks 


2.2.2.1 4Recordina Specifications (CONT D.») 


Frecompensation 


Interleave Factor 
CRC Falvnaemial 
FCC Folvnomial 


ECC Folvnomial 
Fieciprocal 


Fecord lenaqth itr) 
Correction span (b) 


Single burst detectian 


=pa¢nm 
b= 


b= & 


Double burst detection 


=SOoan¢n 
ob = © 


b=F 5 


Mon-detection probability 


Wimchester Disk 


4/- 12 msec, 
single-level 
MrT 


~ to 1 min 


co Let Lt xoctl 


a hina 9 be ion Br 
se ee 2 bs ORS 


Floppy Disk 
tf/- L295 msec 
write pre- 
compensation 
for all data 
rates except 


200 kbs. BOULE 


msec for 300 
kbs 


tr ye 


MCD 7Z ANRC LOAR CG tx CS] 


I ey lie ae A 
ae ' ° .@ . wee NF . 
Ye See oe ee ee 
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aan Ton 
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BULSteTLSte SG ba 44] 


“i 
i! 
Ch 
~~ 
Cr 
68) 


b 
Misccorrection probability 1.857 ‘«€-S), 
a) 


ID Field CRC 
Folynomial 


Data Field CRC 
Fol ynomial 
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elo x 8 bits max 


wlisS » &. 


ae ns 


> 9 9 ~°) 
Type 
Features 


AcGguisition 
Time 


Capture 
Frange 


2 Read/Write Control Specifications 


Winchester Disk 
WD1LOC20 


ceelf-adjuceting VCa 
reference clock, 

©O phase startup, 

read pulse extension, 
DRUN aqeneration, 
write precomnen— 
sation 


12> see -At. St) Mbs 


ta, min 


Fit Jitter Tolerance 4 24 nmeec 


Jitter Reiectian 


Bit Error Rate 


fo D> a a ce AS 
“ey 


°40 db when trachkina 
ZLOCe1o) 


W/C Asymmetrv Margin + 20 msec 


Ed-Fumo Gutput 
Eo-VCQ Gain 
Phase 


Loodic Supoky 


Supoly Kinple 
Analoq Supply 
Supply Ficole 
Analoq Supply 
Supply Ripple 


2e4 FHYSICAL 


Lenath 


Width 
Height 


nm; 
. 


/2 mA at pump pin 


jon 


Sve Be VOL £ 


ce« =, ‘ re 
| my ae u..! yA a 1 e id ra Midi 


+i[o0om), p-p , 
1 tLeV+10%, Q.02 A max 


| +190 mV, G--pD 
“7 -PEPVYE{O%. OL0L & max 


+/--1O0O mv. pop 


way my —y 


Soe Centimeters (I3.] 


hat - 


t2.2 centimeters 
1.909 centimeters 


2.5 ENVIRONMENTAL | 


feet 


QCnerating 


HMon-operatina 
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TEMPERATURE 2 


F I copay Disk 

Analog with 
dual R-C VCO 
adjustment free 
VCO 


& bytes max 

For MFT 

4 bytes tax for 
Fit 


ise i 


EO min oF window 


ry ee I> Ceq 


Riches) 


(4.90 inches) 
(Oy, 7S SRECHneES) 


10> B-to-B. 50 fF to 222 7) 


a) a) Cc) 
~4O00C to 60c0C 


Januar ary pen 


OQ 


(- 4O0F to JaooF ) 


2.5.2 AIR FLOW 


100 LFM min constant unidirectional, meastwed on «a plane i/4 in. 


equidistant from FCY surface. 
2.5.5 HUMIDITY 


Operating B53. to BO non-condensing 
Non-operating ve tO 9S2 non-condensing 


2ete4 ALTITUDE 
Operating O to 2000 meters (0 ta 10000 feet) 


Non--operating O to SQ00 meters (9 to 146000 feet) 
e2eteet VIBRATION 


Cperatinga & to 600 Fz at 1.0 & 
25S MEAN TIME BETWEEN FAILURE (MTEF) AND MEAN TIME TO REPGIF (MTTR) 
MTEF 190.000 FOH 


MTTR mre) 


NOT RELEASED 7 Januararey 2-4 


SECTION 3 
INTERFACE CONNECTIONS 


3.1 ORGANIZATION 
The WD1LOO3- WAS has seven interface conmmectars for user 
application. 


Pil Hast interface: 62 pin card edqe connector 
Component side -—- Fins Al throuah AZ 
Conductor side -- Fins £1 thraugah BSl 


FD Host interface: 35 pin card edge connector 
Component side —- Fine C1 thraugh Cig 
Conductor side - Fins D1 through DIG 


JS Winchester drive controls =4 pin dual raw connector 
daisy chained to two drives. The control siqnals at the 
second drive from the WDIOOT-WAS (no more than a total 
lenaqth of 3 meters or 19 feet) are terminated with a Be 


ohm resistor to +3V and a 330 ohm resistor ta around. 


J4, J3 Winchester drive data: 229 pin dual row header connectors, 
radially connected to the drives. 


di Floppy control and data: 24 pin cable connector. 
vs Winchester activity LED cannector: & 4 pin header that 


commects via cable ta the Winchester front panel. The 
WDOLGOE-WAS lights the LED when the Winchester drive i= 
busy or the Hast asserts RESET. 


o.e2 HOST INTERFACE 

Pi, side «, pluaqs into the lower half OD? thru SDO) cf the 16 - 
bit Host data bus (SDLIS thiru SDO) and the Host address bus. sD; 
thru SDO transmit data and status information. Pe, cide C, plugs 
imto the upper half (SDS thru SD1IS) of the 16-bit Host data bits 
(SD1IS thru SDO?). SCE thru SDiIS transmit data only. Fel, side &, 
and F2, side D, pluq into the Host system control bus. Table 3-] 
describes Fl pin astlianments in detail. Jable GS-2 describes Fe 
pin assiaqnments in detail. 
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TABLE 3-1 HOST INTERFACE COHNECTOR (Fl) FIN DESCRIFTION 


FIN 


ee ede woe on oe 


' H ' : 
» NUMBER ' MNEMONIC: SIGNAL NAME: I/O 3 FUNCTION ; 

1 AL.,ALO.: NC INO CONHECTED H } 
‘ A1L2 ' : ' ' , 

i thru 4 i : ’ : 
H AZ 1 ‘ ’ 

1 i 
Az ; SD7 : DATA BUS 1 J/O 4 Bi-directional, lower @6-bit 4 

H thru > thivu > BITS 7 ' } data bus for data and status 
} A? + SDO » thru 1 H communicatian between the ) 
’ \ ' } ‘ controller and the tHost. : 
’ ’ ' ' ‘ H 
' Alt » AEN > AUDRESS H Y 4 Whiners AEN 1S asserted, the DHS : 
H ‘ + ENABLE ' controller assumes control of $! 
: ' i } } the Host address bus. contral : 
H 1 } “4 i bus. and data bus. IO port ' 
' i ’ ' adresses are mo longer aenera-:} 
} i } ted for J/Q part accezes. In i 
> : H this made, the {/0 port is se $} 
H \ i : } lected bv aBserting DACKZ-. i 

’ i ' § ’ } 
H AZ i A? » ADDRESS BUS: J A 10-bit address bus tor 1/0 

i tara © tm 1 BITS “FF thrirus i port addresesimq by the Host. 

i ASI > FIL) 1; i 

: | ; i i H 

: BL,210O ¢ GONE » GROUND ‘ 

: Ba ‘ i : ; 

H Be 1 RST : RMESE ' 1 H Whiem aeserted, RSI farces the : 
> : } oT i WOoLQOS- WAS board into the ini-i 

: } ' i tial power-up state. : 
1 Boe 1 Sauce ; SSI ea he i 
‘ i] ' i] ’ a 

Ta ; Dt rOPA FEOQUES I 3 | DOFOS 15 asserted whenever : 
: H (CHANNEL 2 > Gata 1s available for transfer } 

} i } i between the WDLUG0O3-WAE under DMAai 

H ' } » control. Apolies to flopay 

} H H : » cantroller only. i 

H B7 > -LeEVDC . eh 2G i eee tetor O) ) 

H RB? i t12VDC 7+ +12VDC i ESV OC : 
H H 1 H } : 
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TGBLE S--1 HOST INTERFACE COHMNECTOK (Fi? FIN DESCRIFTION (CONT DL.) 


FIN 


‘ } ' 
: NUMBER ' TINERIGNIC: SIGNAL Nahe: I/0 3 FUNCTION ’ 
; : H ' ' 
‘ B4,HS, | WNC (NOT CONWECTED : 
H B@S.BI1i.: i H 
H Biz H ' H ' 
: 1 1 ’ H 
H Bis >; ITOW- ; I/O WRITE; 3 I i TOW. 15 asserted when the Dra $ 
: H ' i comtroaller or Host writes a i 
‘ H } data, Status, or control byte ! 
i to the WDO1lOus-WA2,. ; 
' ' ; i ' 
r b1i4 ' IOR- 1 I/O RERD- 3 I TOHR-- 1s asserted when tre DHA 3 
i 1 : eantratleir or Host reads data ! 
: i ' ’ H fram the WDIDOR WAR. : 
: BRIS : ; , ' ‘ 
> thera H WC INGOT CONNECTED : ’ 
H Bid H ‘ 4 ' ' 
H Be ; LROaS i LYNTERRUPRT H Q © LROSG 1s asserted to interruot 1 
H \ ; REGUEST 64 H > the Host upon completion af a : 
; H t ' ; Command. Apolies ta flonspy : 
: ; i : Controciter -onlv. ' 
ye ae 1 ; ' 
: BS ' ee ie (NWOT CQOMNECTER ' 
; : ; H H 
: Bo S + DACHS- > DMA- i 0 > DACKS- 1s asserted in resoconse ‘ 
i ' ,OCENOGHLEDGE- 3} > to DHA request channel iL. ; 
1 x SCHANNEL 2@- ; } ‘ 
i H ; ' i ' 
i bey bp 76 > TERMINAL : if ‘(Indicates scendina afr thie 

} ‘ >COUNT H rPlaet byte in a fFloopy disk tranetfer,. 
H B28 ; ALE SADDRESS 1 rindicates board address : 
' H PLATCH ENAGILE: (iS available. } 
; a ae ARN - eboYy H : : 
i Bad > WC PNGT CONNECTED ' : 
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TABLE 3-2 HOST INTERFACE COWMNEC OR CPi) PIN DESCRIFIY ICN 


G.o DRIVE INTERPACE 
Seoel WINCHESTER DRALVE CONTROL 


Control fSiaqnals are common to all drives and are daisy-chained to 
the drives from a single connector. Ja. fa terminate the cantrol 
Siaqnals oon the WDH1L1O03-WA?S properly, the last drive on the daisv 
chain must have a 220/250 chm resistor pack installed. Table 3-3 
describes JS pin acsiaqnments in detail. 
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H FIW ' - a ‘ ' 

: NUMBER fo MNEMOMWIC: SIGNAL Neat; ©/0 3 FUNCT IGN 

' Ci 7 Ae H ' H 

' thru : : 

H Cio 1 ' H ' 

H Cii + SDB iDATA BIT 8 ; 1l*O 3 Fa directional. upper 68-bit 

; thru + thieu r+ thereat H H data bus for data transeters 
: Cis ; SDI IPATA BIT 153 3 1 oniv between the controller 

H i ' ‘ H and the Host. 

‘ Dil + WNC SNOT CONNECTED : 

' ' H } : 

: De © 1/0 CS- 3 T/0 16-Rn1T 1 | IYO CS 15 siqnals the sevsten 
‘ : 1l4a- ; CHIF- } i board that the current data 

' ' ; SELECT i H trantfer is al wait-state, 

i ; ' } 1 1é-bit I/O cvcle. derived {rom 
: ‘ : 74 ; am address decode. 

: D3 : WC iNOT CONNECTED 

H thc ut ! : H : 

: Des ' : ‘ H 

: Lee : lTRGiL+4 1 INTERRUPT 4 ; TROL4 sianals the Hoet that 

i : PREQUIES | 14°; H the Winchester controller need 
: ‘ i H ' attention. IRQ is generated 
H ; H ; : when the IRQ line aces from, 
i : H H low to hiaqh. 

: D8 + WE ‘NOT COMNECTED : 

© thru : ‘ ' ‘ 

; DiS. Di? : H : 

i Dis . +5300 ; aSyvbc ' ; 45E/DC 

: Dig ; GD > GROUND : : 


we == wee OP we PP mee Oe ee if rie oi eT aan 


TSAELE “<3 WINCHESTER DRIVE CONTROL CONWECTOR (35) FIN DESCRIFT ICN 


: S I GNAL | 
Ue enn wee ee ne te ener ee et LY | MUNCT LON 
(GND IRIN | MNEMONIC: NAME ‘ H ' 
a en et ee eee =e _ 
; ' : H i j ; 
H 1 3 FHSS --/RINC- >t HEAD-- ' Q hhe WDOL9OS--WAt uses HSA. to- ; 
: H ; Sete t as ; , Select one of 14 FR/W heede. ; 
‘ H H ; REBUCE- RW - is mat used bv drives with 
i i } i WRITE- ' 1 J& head drives. BIC. 25 used $ 
i ' } i CURRENT: i by drives with @ Fell heads. 
i 1 , i FIC: reduces the write current! 
‘ 1 ' i on the inmneir avilindere. This } 
' i i ; leseens the bit ehift caueed ; 
} H : : ‘ by greater bit density on ‘ 
i i ' ' ‘ these cvyJinders. i 
: “4 
} ey 4 i Ho ; HEAD- : iw : HG le one af the head select! 
H :. Sle bie ‘ csianals decoded by the drive } 
} ' i 1 H } to select one af eiaht (or 14)! 
: ; ' R/U theads. 
' ' ' H | : 
1 oe S&S 1 Wo ' OWIRT PE i Cj : Wiss 15 asserted when valid i 
} : \ + GATE- ; 1 data 1s to be written on disk.! 
: : ' ' H The WO1LG03 +A? : 
i H : de- asserts WG- when WF- 
i ‘ } : is detected. Souecial 
i } H i } Circuitry 15 included to en- H 
' ' ' ' i i sure the system output is i 
A H H H H rree of olitches during 1 
1 : { H ' ' cowerr-on. : 
H H ' ; } 
i eo S. 4» -Stl- , SCER ee ' SC. informs the WODLOOS-Wae H 
: ' i > COMPLETE- } ’ that the head of a Selected ; 
H H : H i i drive tas reached the desired ! 
i : H : ; cvlinder and has stabilized } 
i ‘ ' H ' ' 
) PF 4. FO° 4 TROOO= | TRACK OO0O-- i ' THOOO- 15 aseerted when the 
i ’ i i ’ 1 RSW heads are positioned over } 
' ' ; } H H the outermost cvlinder. H 
' ' : 1 : 
ee So ae Sdee oe BE > WRIETE- ‘ ; WRe- 15 asserted bv the selected 
H H i i FAULT - H : drive when awrite error occurs 
i i H ' ' While this cidqnal 1s being i 
: H i x asserted, the command in i 
i : ’ i i , progress aborts and na other i 
1 i ' i : | 6 disk command can be executed. 3 
i H H ' i H H 
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TABLE S- 3% WINCHESTER DRIVE CONTROL 


we eUe cO ee eww canes them eae om - eme) CD © 8eses CURD WEN Ee CrTee AOD cE GE HAD OTe FOE COR © a ame Cee om Bom comm Sue CES se Com SON wD 


' S 1] GNAL ' 
‘GND GFIN $ MNENONIC: NAME ' 
H a ot ee 4 HS O- > HEASD-- i 
} H : : SELECTO- ; 
+ Lok} ' : ' 
; ; jJ6& 3 NC PII COMMEC TED 
ET oe Pee S.. Si > HEAD ' 
i ' : : SELECT iL : 
H ‘ H ; ' 
' 149 ! 20 {| INDEx-: : INDEX-- ’ 
H H : : FULSE-— : 
; SY ot Se ot DRDY- rPRIVE FEADY-.; 
(2s 4 ee. Gf STEPS ; STEER PULGeE- ; 
i eS te 32G6.- 4> Soe > DRIVE- ' 
H ’ : , ‘SELECT 1-~- : 
. ge eS Sh. ES ; To se ' 
a : SELECTZ- | 
ee a > (ship ‘ ' 
ys aoe cee ' ' : 
‘ H H ; : 
' : 209.3 WNC (NOT CUNBAECIED 
Poe 6flUE 6U§l|6DIRIN- i BLREL PT LOR H 
H : H + bile H 
Pin 15 is reserved to molarize 
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CUHMMECIOR (05) FIN) DESCRIF TION iCuNT Db 


' ] 

‘ ’ 

| ie © ee FUNC PI OW H 

i] r) 

’ ? 

aaa es Rien eh iin sie aoa eee, Fs) Teta ee wibeee ey Maat em sae ea ee Ske ara a Se Rae alec hoa 42a ee A 

i] 

0 H HSO- 3s one of the head Select! 

' slanals decoded by the drive ‘ 

' to select one af Gioht (tar 164)! 

R/U heads. 

ry ‘ 

§ ] 

’ ' 

1 ; 

: ' 

(I H HSi- 15 ane of the head select! 

‘ Slanals decoded by the drive to 

' Select one of eraht (car 16) i 

RvW heads. 1 

§ ' 

I $ 

I : INDEX-- indicates the start of |} 

H a track. (Iced afta , : 

i eynchroaonization point during H 

; Formatting and s& a time-out : 

‘ mechaniem for retiries. Fruices} 

' omce Gach disk revolution. ' 

: ‘ 

I ' DRDY- anforms the controller i 

1 thiet the drive matar a=] tie tS: 3 

' coeecd., ' 

$ a 

’ LY 

Q) : STEF:-. with DIRIWN-. cositicrse ! 

H the heads to the desired i 

cylinder. SIiEF- pulses once fa 

each steno. OULXIN- determines | 

1 the step direction. H 

' i 

Choy DOol- 16 used ta select drive o, 

: ; 

5 1 

| $ 

J ; J35e2- Ls used to select drive 1. 

; : 

4 | 

ry t 

t a 

$ 1 

] ‘ 

t i 

i 3 

t 4 

? ¢ 

ry ‘ 

r] ry 

4 ] 

i t 

i ; § 

QO ; PIRI: determines the direction 

: im which the F/W heads move i 

: when the steno line if pulsed. : 

} De-asserted=out: a¢serted=in. + 

i . i 
the conmector.: 


2 


3.4 Wainchesrcer Drive Data Connectors 

The data lines between the WO19038 WAL and the two Winchester dist: 
drives are connected to J4 and J3. Ac the data lines are not 
identical, J4 must be connected ta the cable from Winchester 
drive 1 and J3,. ta the cable from Winchester drive 2. Each drive 
is radially connected with a maximum cable lenath of 3 meters (16 


feet). Each data connector 15 a YO pin vertical header on ©. 2™ 
mm (O.O1 Ynch) center. Data connector pin descriptions and 


siqnals are listed in Table 3-4. 


TABLE 3-4 WINCHESTER DRIVE DATA CONNECTORS (3%, J4) FIN DESCIRIFTION 


SIGNAL H } 
(GNDIeIN 1/0, SIGNAL NANE H 
i > 13 ' hyC H 
to 4 } ) GID 
H aes i NC i 
> 4 YG } ' GMD ’ 
ee | 1 hic H 
» & 4 ' ’ (stID i 
> / 4 hc : 
1 GE, i } } 
} oe i Nt ' 
} rid | } hic H 
ee ' GAD ‘ 
ae , GND 
P15 + QO 3 +HFMID Write Data 1 
114 } 0 } -HFMbD Write Data 
(1S 3 re GHD H 
16 |} i i GID i 
P17 3: YT 3 +MP MRD Read Date H 
H »16 3; I | -MFNRD Read Data } 
riY 4 i ' GND ' 
en ; } Gab ’ 
» €Finm B if reserved to polarize } 
H the cannector H 
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* 
one ~ 
ee . 
) 


ee 


Thirty f our 


TAY: 
tee" 


Floppy Prive 


‘are around. Fin 
describes Jl pin atsiaqnmentse and functions in detail. 
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2 sme eg pe = 


= 


Control 


pins comprice 
1s reserved to polarize 


and Data Comnectcr 
this connector. All add 


numbered pins 


the conmectcor. fable 


jel teenedhnineintine an 


cantante tnt nant - a Lean Ree et eee See eee 
tpn et Lp ale Ee le tle an — 


TABLE 


| 


8 FLORFY DRIVE COMITROL AMD Dela CUNNECTOR (01) FIN DESCKIP1TIGN 


’ SIGNAL 
rile Oi FUNCT LON 


' GND } FIN | ANEHMONIC 3 MAME ; ‘ 
‘ 1 : = , WCCONTRL~- ¢ WIRITE- > O§ + Inverted form of SDO for : 
‘ H ' ; CURRENT 4 ; read data. Selection of : 
H H ' + CONTROL -- 3 » otllwibkibs data rate asserts : 
H ; t i ) » WOCNIRL-- H 
' es ' 4 + NO INOT CONWECTED 3 ( 
' ra : : » fin S&S 18 reserved toa : 
: } 1 OO@larize the connector. : 
\ ' & 1 HC PMOL CONMECTED 4 ' 
7 s 1 INDEA - | INDEA:- » toy ABSEertian indicates start of! 
te eek, ‘ 
} cS ; -£OQ >; MOrENtL- » HOTOR: - >» Cy MOTENL-: (NOTENS > turns on the 
: ; 1 CHAVLE ts | floppy disk drive soindle. 
1 it » 16 » MOTENZ- » PUOTUOR-: » CO oy POTENT C(NOLENZS-) and the H 
‘ 1 1 » ENRELEG: 4 r aporoopriate drive select sianal 
' H i r must be assertedc at the same} 
i } i ; time. ‘ 
; Li i ii * DeLS r DRT VE-- ; GO | ASSertion selects drive 2. ; 
i ; : ) SSE ee 3 1 MOPTENWS- must be asserted at ! 
i i i 1 the same time as D5k-. } 
K ode , 14 ; Pas= ; DRIVE > CO 3 AMeezertion select= drive 1. } 
' ; , SEE [lees » FOTENT- must be asserted at |} 
) H ' 1 H ; the Same time as DS1i-. : 
: 1? , 18 1 DIR- ‘DIRECTION | OF «| Aesertion moves the selected: 
' H H ; | wead/write head inward. : 
i ' ' i ' ; De-atsertion moves the H 
H : ' : i selected read/write head t 
; i ’ ’ » Olitward. ; 
; i? roa) : STEF= ; STEF- ; OF + Assertion moves the : 
i i H 7 SPL SEs i; mread/tirite head one track ati 
} H H i r a time. lhe head moves in : 
} H i ; direction determined by the 3 
( DIR siana). | 
1 21 > eae 1 WRT DATA-) WRITE: > GO fF MFM data. i 
H ' | DATA 1 ' 
| t \ 4 i ; i . 
ao + alt » WRT EN- ot WRITE - » O + Besertion enables the writina 
i i H > ENABLE: : i of data on an unprotected H 
: diskette. 
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TABLE 3-§  FLOPFY DRIVE CONTROL AND DATA CONNECTOR (31) FIN 


DPESCRIFTION (CONT ’D.> 


: SIGNAL : ' 

+L/0;4 FUNCTION 

’ GND | FIN | NNEMONIC 3 NAME : H 

ceo t+ 2d r TREO- i TRACKEO - i Io: assertion indicates that th 
H ' H : : ' read/write head if aver the 
: : : 1 H » Qutermast track. 

‘ ’ ’ ‘ ; ; 

1 oe ; 28 (| WRT FROYT-: WRITE- © f£ + Assertion indicates a write 
‘ ; ‘ 1 FRETECT—- ¢ » Dratected dickette. 

eS , QO + READ- > FRERD- i; It ot NEM Read Data. 

i H : bDATA- > DATA i 1 

: i i ' H , 

te! ek oe + Het + HEAD-- > O | Aszertion selects head 1. 

a vats tS ; DISKETTE-; DISKETTE Yo; Aszszertion indicates drive 

' : + CHE-- » CHANGE- ; » 15 net readv i.e.. drive 

: : } : H i door apen, ma diskette in 

; ' ; ; ' > Grive. Gr imorocper aszertion 
H } : : ' ; Qf motor enable or drive 

' ' } i , : Belect fSiaqnals. 


m.eO® WINCHESTER LED CONNTECTOR 


The front panel LED connector is a 4 pin header that connects via 


reversible cable to the Winchester front panel. The WH1Oda3-WA2 
liahts the LED when the Wincheeter drive is busv or the Hast 
asserts RESET. fable 3-6 describes JS pin assianments and 


functions. 
TABLE 2-6 WINCHESTER LED CONNECTOR (26) FIN DESCRIFTIOQN 


» SIGNAL FIN + SIGMAL NAHE 3 DESCRIFTION 

1.4 LED Commects to LED anode. Tied to +S 

r with a 240 ohm pull uo resistor. 

} rage’ ; LED - , Conmmects to LED cathode. As¢eertion of 
: 


’ » LED-- tJaqhts the LED. 


NOT RELEASED 7 January 19766 3-19 


om mem a ee oe an 2 ow we ou oe aw - 2 oe _—=s =a =_——_ we me tt} =a oe ==@_ =e Ciel 


1S kvl Ran tense Ninn Hie ate gt tN oem = 


sien ats whet a Eee Fo bem ea car otadhe mmmmistinde menace mel LE Bet BEET ie tne Rattan alae len plan tae ce ent tEL he aid be eh Sei NUNIT OY ase a tne gta te ee er et a Le irae ci tag es sae a Ra SS Rts Madan panei cae sas tli a ei nee 


: SECTION IV 
INTERFACE TIMING 


(as ees omen meee eens enna cemee wanes wi cce emereP © 100 © OED eames bapes OED te 8 5 mm mH Oe te eRe tees eee mee: am es GS nee + wees) es. ere wees me eds. cewen os es ose anes more ~~ mm le Miekéreein: “aesel -iaaa-a Rene he Bde > eg 


BS 
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SECTION V 
COMMANDS DESCRKIFTIOQN 


wel GENERAL 


The WD1003-WA2 suoports two command sets: the Winchester command 


set and the WNEC uf D76SQ Flappy command set. Section 3.2 
describes each Winchester command in detail. Section &.3 
describes each Floppy command in detail. Sectian 6, Theorv of 


Qperatian, describes Winchester and Flaoppy command executian ee. 
well as the WD1002-WAS reqister structure. 


5.2 WINCHESTER COMMAND SET 


The WDiOOS- WAS Winchester command set contains e1aht commands. 
Five commands (Restore, Seek, Kead Sector, Write Sector, and 


Format Track) are executed through the WD2O1L08-05 cammand 
reaqister. (A sixth WD2ZO1L9R-9O3 command, Scan ID 18s moat directly 


available to the Host. Scan ID may be executed by the WD1LO1S-37 
transparently to the Host.) The three remaining cammands (Read 
VYerifv, Diagnoze, and Set Farameters) are executed throeuah the 
WDLGLS5-37. Table S-i describes the eight WDLOOS3-WAS Winchester 
commands and their bit assiaqnmente. 
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nr ee te write em ee 


e i] r 
a § a 
' COMMAND | H BRITS ' 
! 4 | 
; : : ‘ : : : : H : 
H Restore (oO; oOo ¢ oO | 1 $ REE RES RL! RO! 
‘ H : ’ ‘ ' ' H : ' 
' ' ‘ ’ ‘ t ’ ' ' ’ 
i ' ’ 5 1 ' 1 t ’ ’ 
‘ Seek © og Poteet 4stsots FSt Re! Fit FO! 
ry § t 4 { | ] ‘ t ry 
H ’ ' ’ ' ' ’ ' ’ ' 
' $ 4 f] 1] a ’ 3 § 4 
1 ] 1 ’ ‘ 1 $ | | Y 
: Fead Sector OY pe SO ae od. a a Se De cE Oe SO 
' ’ ‘ ' ‘ a ’ ’ ’ ’ 
’ ' ’ i ' t ' ’ ’ ' 
‘ i i H : ; : H { 
i Write Sector a PGR ge le wae Se Se OB. a se “a UE aE. JE a st 
' ' ! ‘ ’ ‘ ' ' § i 
i § 1 t 4 | ‘ ] t t 
‘ : 1 ' ; : : ; : ' 
; Format Track rr OO | La oO + b+? OF Oo Ff Of oOo 3 
’ } ry '] ? § § 6 5 a 
H $ ’ ’ ‘ a ' ' ’ ’ 
H ; ; ' : H H ' H : 
Read Verify PG. Ve, WC ie SE ahs a. Re ay Ge 
' ' ’ t ' a ' ’ ’ ‘ 
A ' ’ ’ 1 ’ ’ ’ ' ! 
1 ’ i ' ’ ’ ‘ ’ ‘ ‘ 
t i] i] i] ' 5 t § § i 
Di aanose PPro Or di oy Of O35 Of 
’ 4 ‘ ¢ a é t i t 
’ ' ’ ' ' 1 ’ ’ ’ t 
; ' § ’ ‘ ’ ’ ’ ' ' 
’ ' t ’ ‘ t ’ ’ ’ ' 
Set Farameters Pte Or Oe toi Oy OF Oi Lit 
i ’ ’ ’ ! t ' ‘ ' " 
j ’ ’ ’ ' ’ 1 ’ ’ 


LEGEND 


RS throusch RO Step rate celection tits. Refer to Table S-2 
for more detailed infarmation. 


tL Read or Write Lona bit. Set to 1 enables 
Read or Write Long made. 


T Retry bit. Set ta 1 disables retries. 


The stepping rates for the commands that perform implied seeks 
are set in the least siqnificant nibble af the last executed 
RESTORE or SEEK command. Table S-2 lists the Winchester step 
rates. 
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TOELE S-2. STEPPING HATES 


: STEPFING i ' STEFPING | 
'oRE RO RL RO 3 (ATE » AKA RS RI RO ; RATE H 
‘ i ' i : 
‘ 
' oO oo a a H So usec ' 1 9) 9 QO H 4.9 msec 3 
; Oo ao a ff H O.F msec 3 1 Oo oOo | ' 4.53 msec } 
‘ oO ao 1 0 : 1.90 msec 1: 1 oo 1 =O 1 2.O msec 3} 
' Oo QO 1 1 i 1.5 meec ; i CO j 1 H Jes meec §$ 
: Oo 1 49 © | 2G msec 3 1 1 © Q 4 6.9 msec | 
Oo 4. QO 1 1 2. MmSec 3 1 1 © 4 ' O.9 msec 3 
\ () 1 1 4 ' 3.0) msec 3 1 1 1 © ‘ See wieec: 
i QO | 1 1 1 0 te ct OMSK I 1 1 1 1 } 16 usec 3; 
, 
: Note: After Diagnose or retet. stepping rate 
i] t 
1 ] 


Gefaults to 6.35 msec 


Je2el RESTORE 


The Restore command is used to move the FSW heads to the Track 
OOO pasition. The controller issues step culses to the drive 
until the frack OOO indicator from the drive 1S azserted. lf 
Track O00 15 not asserted within 2047 steps, the Error bit in the 
Status Reoister is set and and a Track ©00 error is posted in the 
error Register. The implied seek step rate may be set up 
accarding to Table 3-2 by the Restore command. The restore step 
rate is established by the SEER COMPLETE- signal from the drive, 
1.é. each step pulse 15 issued only after SEEK COMFLEIE- iz 
atserted by the drive from the previcus stern. If the DRIVE 
READY- siaqnal 1s de-asterted or WRITE FAULT-- 185 asserted, this 
command terminates with the error bit set in the status register 
amd the error reaister reports an aborted command. 


eee, ers 


This command maves the R/W heads to the cylinder specified in the 
task file cylinder hiah and low reqisters. The inplied seek step 


rate 1S also set by thit command. The lower arder four bits caf 
the command are used to telect one of 16 available step mates. 
An interrupt is generated at the completion af the command. lf 


the DRIVE READY- siaqnal is Ge-aztserted or WRITE FAULT- is 
asserted, this command if terminated with the errar bit set in 
the status reqister and the error reqister reports an aborted 
command. 


eee READ SECTOR 


A number of sectors (1 - 256) can be read from the selected drive . 


with this command.” The sector count reqister in the task file 
determines the number of sectors ta tbe trantferred. Multiple 


sector reads may cross head and cylinder boundaries. 
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4 


If the Read command is issued prior to initiailizing a step rate, 
the default value of 6.5 msec is selected and a Recalibrate is 
performed prior ta the Read. 


I f the FR/W heads are not positioned over the taraqet track, the 
controller performs an implied seek to the proper cylinder. The 
etepping rate used during the implied seek is the value specified 
during the previous Seek or Restore command. 


The optional longa bit (L set to 1 enables Read Lona.) informs the 


WDLOOS3-WAP whether or not to include the four ECC bytes. These 
four ECC bvtes are transferred as individual bytes. not words, as 
is the data field information. The data request bit in the 


status register must be valid before each byte trantferred and at 
least 2 usec will wass between each byte transferred. 


Data errors up to S bits in lenath will be automatically 
corrected on narmal Read commande. Cf an uncorrectable error 
occurs, the data transfer will etill take place, a multi-sectar 
read, hawever , will terminate after the sector in error is read 
by the system. 


The aptijional retry bit (7T set tol ditablesc retries.) disablest or 
enables retries. The WD2OLTOR-OS automatically retries for ten 
disk revolutions when the retry bit 15 enabled. The WDSOLdR-O8 
Prorerly sets the error and etatus reqistere if the retries are 
unsuccessful. Disabling retries allows only two disk revolutions 
for automatic retries before the WOZO1LOA-OS sets the error and 
Status reqistere. 


For ECC errors, ejaqght Read retries are made at readina befare a 
seft uncorrectable error 1s reported. A Read retry results in 
the reissuing of the _WDeOLOR-OS Read Sector command. The 
WDOSZOLO8-OS Kead Sector command attempts to verify the sector for 
ten disk revalutions, if Tis set tal, before returning an 
error. ECC correctable data Errors are corrected after Lwa 
consecutive matching ECC syndromes are detected. If the errar is 
an umcorrectable error or an error 15 reported by the WDROLOKR-OS, 
the command terminates. 


Interrupts occur as each sector is ready to be read by the system. 
No ainterrupt is qenerated at the end of the cammand. If the 
DRIVE READY- siqnal is de-aseterted or WRITE FAULT- aseerted, this 
command terminates with the error bit set im the status reqister 
and the error reqister reports an aborted command. 


3.2.4 WRITE SECTOR 


A number of sectors (1 - 256) can be written to the selected 
dreive.. The sector count reqister in the task file determines 
the number of sectors to be transtyverred. Multiple sector writes 
may cross head and cylinder boundaries. | 
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If the Write command is issued prior to initializing a step rate. 
the default value of 6.5 msec 18 selected and a Recalibrate is 
Serformed prior to the Write. 


If the heads are not positioned at the cylinder specified in the 
cylinder thiaqh and low registers, the controller performs an 
implied seek. The step rate uced is determined by the step rate 
field of the most recently executed Festare or Seek command. 


The aptional longa bit (L set ta 1 enables Write Lona.) ins orms 
the WD1LOOR-WA2Z whether or not to append the Host supplied ECC 
bytes. These four bytes are tranzeferred as individual bytes, not 
words, as is data field information. The data request bit in the 


status register must be valid before each byte traneferred and at 


least 27 usec will pass between each byte tranceterred. 


The optional retry bit ¢T set to 1l Gdisablese retries.) disables or 
enables retries. The WDeZOLOA-O5 automatically retries for ten 
Gdisk revaluticons when the retry Bit is enabled. The WDYOdR-O8 
properly sets the error and status reqisters if the retries are 
umsuccessful. Disabling retries allows only two disk revolutions 
before the WDEO1L9R-0O5 sets the error and status registers. 


The WDLOOSB-WHeS interrupt is generated as the data for each eectar 
is required to be transferred into the Sector Buffer (except the 


first sector) and at the end of the command. the first =sector 
may be written to the buffer immediately after the command has 
been Sent. and the data regueztzt etatus 15 set. ] the DROVE 


f 

READY-- sianal is de-asserted or WRITE FAULT- ie asecerted, this 
command terminates with the errar bit set in the stat 

and the error register reperts an aborted command. 


ls meqiseter 


5.2.5 FORMAT TRACE 


The track specified by the tack file is formatted with ID and 
data fields according to the interleave table transferred to the 


buffer. The interleave table, consists of two bytes per sector 


as follGwe: 
OC) FRYSICAL SECTOR 1 
C3 FYYSICAL SECTOR 
Gc) FHYSICAL SECTOR 3 
OO PHYSICAL SECTOR. 27 
The data transfer must be S12 bytes even thoaugch the table may be 


only 24 bytes. The sector count register must be loaded with the 
number of sectors per track before each Format Track command. 
The Format Track command supports no error reporting. A bad 
block may be specified by replacing a ©O table entry with an &0 
hex. Whem switching between drives, a Restore command must be 
executed pricr to attempting a format. Command completian will 
leave all data fields initialized to zeroes. The completion 


Interrupt is gqenerated after each track has been farmatted. 
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oe2.6& FREAD VERIFY 


This command functions similarly to a normal Read command “xCeEbdt 


that data is not output to the Host. One to 23556 sectors may be 
verified at one time. The qenerated ECC bytes are compared with 


the recorded ECC bytes for data verification. A single interrupt 
is qenerated upon completion of the command aor in the event of an 
error. 


If the Read Verify command is issued prior te initializing a step 
rate, the default value af 6.5 msec is selected and a recalibrate 
is performed prior to the Read Verify. 


For ECC errors, eiaht Read retries are made at reading before a 
soft uncorrectable error is reported. A Kead retry results in 
the reissuinqg of the WD2O1L9NA-O5 Kead Sector command. The 
WD2O10OA-O5 Read Sector command attempts tc verify the sector each 
disk revolution for ten disk revolutions, if fT is set to 1, 
before returninq an error. ECC correctable data errors are 
corrected after two consecutive matchinq ECC syndromes are 
detected. If the error is an uncorrectable errar or an error is 
reported by the WD201TOA-OS, the command terminates. The WRITE 
FAULT-— and DRIVE READY- inputs are chect:ed thrauqhaut the 
command’s execution. 


we2e7 DIAGNOSE 


The Diagnose command causes the Controller to perfarm an on- 
board diaqnostic and to report the result in the Error Feqister. 
An interrugt is performed upon completican of the command. 


The Diaaqnose command performs tests aon the WD1O15-37's internal 
FROM and RAM, the WDL1COOG-22, WDEOLOR-OS, and the Sector Huffer. 
If any component fails, the appropriate error code is loaded into 
the error reqister. Frror codes are as Ffollawe: 


Ol No errors 

Of WD2O1LOAR-Of register access error 

Ox Sector Huffer FAM data erroar 

4 WOLDOLS-27 to WDLICOOA-2S data Bath error 
OS: WD101S5-27 FROM checksum or RAM data error 


OO, O85-FF Not used. Undefined. 


In addition, the Diaaqnese command sets the write pre-comp task 
file register to 22. This causes write pre-compensation ta beain 
at cylinder 128 since the write pre-comp reaister holds the 
desired value divided by four. The sector cerunt register is 
reset to one while the cylinder thigh, cylinder low, and SDH 
reqisters are all set to zera. 
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5.2.6 SET FARAMETERS 


This 
number of heads 


and 


two parameters when performing multiple sector 
SDH task file reqister specifies the drive affected. 


count and 
Ltssued. 


An interrupt 165 set at the completion 


Bc BS SG sh ee es ea a Sie ta aly eae sats iba ue tla Oa aicka: insemnsaincte session _ cael 


command sets uo the drive parameters reaardinga the 
sectors per track. 


WAM] ML 


operations. 


SDH reqisters must be set up before this 


af the command. 


The WDLOQOZ-WA2? uses these 


The 
The sector 
command is 


This command must be issued before any multiple sector operations 


are undertaken. 
possible drive 


two drives with different characteristics. 


Ci 


The WDIOOA-WAL 


Gescribes the 


Sa 


~o FLOFFY COMMANDS 


supports all 
the NEC uFD7SSA commands 


NEC floppy dick 


Hy setting the SDH register 
this command ajlaws the WDLOOS-WHAe to 


WEC uFPD7S54R commande. 
and command codes. 


describes command flappy protocols and command 


TABLE S-3. 


COMMAND 
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| READ DATAx! MT 
| READ 1 OMT 
| DELETED DATA® 
‘WRITE DATA*} MT 
| WRITE : MT 
; DELETED DATAs 
‘READ TRACK#! oO 
} READ ID*® $ 9 
| FORMAT 9 
} TRACK 
ISCAN EQUAL#! MT 
} SCAN LOW {| MT 
: OR EQUAL* 3 
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TSBLE S-2. COMMAND CODE DESCRIF TION (CONT‘'D.) 


' COMMAND H — COMMAND CODES ' 
: ' SOB? +: SDBS +; SDES | SDE4 | SDES |: SDB? | SDEL ! SpRoO ! 
' : ‘ 1 i ' : H H : 
; SEEK : Q ' @) H Q H ©) H 1 H 1 ' 1 : 1 ‘ 
H ' ' : i ' : H H ; 
FRECALIBRATE*x*i © ' a) ‘ i ' ®) ‘ O : 1 H 1 : 1 
: H H H : H ‘ H : : 
: SENSE H © : a) H Q : t) ' 1 H @) H €) ‘ C) ' 
>INTERRUFT STATUS ' ' ' i } { : ‘ 
i ' H ' i H ' H 
| SFECIFY : () 2) ' O () ; 1) ' ©) : J 1 ' 
H ' SET ' HUT : 
' H HLT ' ND H 
> INVALID H Invalid cammand codes: No operation - flonpyv 4 
H ' controller enters standbv state. ; 
' Second byte of command code for these commands is as follows: ; 
: SDB7 thraugh SDE: Set toa zera. SDE: HD. SDB: ©. SDBOs © 
; **Secand byte of command code for Recalibrate is as follows: i 
H SDB7 through SDERO: Set to zero. ‘ 
LEGEIMD 
PLT Miiihi-track Set to one for multi-track omperation. Lt 
set to ane after execution of Read/Write 
@peration on side 0, floppy contreller 
automatically seaches for sector 1. side 1. 
PIF FR AFM mode Set to zero for FM. Set to one for MFI, 
SK Skip set to one to skip deleted data address mark. 
HD Head Set toc one for head il. Set tao zero for 
| fead «. . 
SFT Step Fate 1 to 146 msec in 1 msec increments (DOhex = 
Time 15 msec, lhex = 15 msec ... Ehiex = 2B msec, 
| Fhes = 1 msec. Step rates apply to toth 
divives. 
HUT Head Unload 15 to #40 msec in 16 msec increments. 
Time 
HL T Head Load lime “# to 2&4 meec in 2 msec increments... 


ND Non-DMA Mode Set to one for mon-DMNA mode. 
NOTE 
Each Floppy command description contains information from the NEC 


UF D7S50Q data sheet. Reprinted with permiscsion of and licensed bv 
NEC Electronics Inc. c 139835 NEC Electronics Ime. 


NOT RELEASED 7 January 1926 5-8 


| 


READ DATA 


execution. 
Status Feaister 
StS may be 


(selected by de-asscertion of 
read only after a command has 


Fase > F/W UP D7ESA Data Eus ' Remarks : 
' (DF. 3;D5 :DS :D4 'DS iD2 iD td f : 
t 8 ! ' 
Command i W IMT IMF 1Sk ft Oa + Oo t 1 t+ 1 ot Go jCommand codes. 
W ; xX ¢ X b+ KX & KX ¢ KX GHD :USLIUSO:X = don't care. : 
' ' ‘Usually set to «ero. ; 
H H ‘USl and USO set ta zero. 
: sUnit selection performed 
: : iby Floppy Input Register. 
: W he Se ean LS Bice es eeseierese ea eC Cor LD ant ormacion: ” 
» We, “qe seer ee ih. HSS Sa S SSS SSS ric” te command exes “4 
pe ieee te - PR ee mie eee ee UL Orie The ¢our bytes 
H W [eee ere” YY) ae reat a Se Oe erare commanded agqainet 3 
W pe eee eae eee eee reader om “Flopey: -disk.4 
' W Wh en (GEL ee ee ee eee 
1 W 1g ee elie see ee [yf La ani ict ! 
Execution: ‘Data transfer between | 
floppy drive and Host.: 
Result : FY ge eee ere oy Pee eae reese re es, 4 Tee Or tert 3 On 
' R i Rai ie SS ae eee eee ee Or CCOmMahnc: eS eCutt on. 
: . ' we te ee ee ee ee ee CYT Pe ee Doe mee ee meee ees : : 
} R Ns a FOR eee OeC LO 6 6D Lt Oormetciton 4 
' FY (eS SSS SSeS SSS SS SSeS ee aA ter COMmand: Sects on. 
H FR a Sess seen PR Sees e ae eee eee rece Ss : 
' rr Bm ee wee NP me ee eee eee eee 
C (Cylinder mumber) desiqnates the current (selected) cylinder (track) 
numbers © through 75 af the medium. 
H (Head address) is the head number, G.Or De AS ENecified im the iI1D 
field. 
R (Recard) indicates the sector number which will be read or written. 
No oCNumber) represents the number of data bytes written in a sector. | 
~—~EOT (End of Track) denotes the final sector number an ae cylinder. 
Durina KFead or Write operations, the uFD74SA will stop data transfer 
after a sector number equal to EOQT. . 
GFL (Gap Length) contains the lenath of qep sa. During Read.’Write 
commands, this Value determines the number af bytes that VOO SYNC will 
stay de-asserted after two CRC bytes. During the Format, GFL determines 
Gap 3°S size. 3 
DTL (Data Lenath) When N 1s cdefined as OO, DIL represents the data 
lenath which the Host 15 going to read out or write inta the feectar. 
STO through STS (Status O through Status 3) describes the four registers 
which store the status information after a command has been executed. 
This ainformation is available during the result phate after command 


These reqisters should not be confused with the Main 
SHOE). 
heen 


STO thrauoh 
exvectuted and 


contains information relevant to that particular command. 
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A ‘set of nine bytes (illustrated above) are required to place the 
UPD7SSA into the Read Data mode. After the Read Data command hat been 
issued the uFD765A loads the head (if the head is in the unlcaded 
state), waits the specified head settling time (defined in the Snecify 
Command). and beqins reading ID Address Marks and ID fields. When the 
current sector number (RK) stored in the ID) reqister (IDFR) comoares with 
the sector number read off the diskette, then the uF D76SA cutputs data 
(from the data field) byte-ta-byte to the Host via the data bus. 


After completion af the read operation from the current ecectar, the 
Sector Number is incremented by ane, and the data from the next sector 
is read and output on the data bus. This continuous read function is 
Called a multi-sector read oneratioan. The Read Data Command may be 
terminated by assertion of the TERMINAL COUNT (T/C) siqnal. T/C shewld 
be issued at the same time that DACK2Z- for the last byte of data is 
sent. Upon receipt of this siqnal, the uFD/4E35A stoops cacutputting data to 


the Hast, but continues to read data from the current sector. check CRC 
bytes, and then at the end of the secter terminate the Fead Data 
command. The amount of data which can be handled with a simele command 


to the uFD76580 depends upon MT (multitrack). MF (CMFM/FH),. and N (number 
of bytes/sector, set by the Host BIOS). 


The multitrack function (MT) allows the uwFD7é65AH to read data from bath 
sides af the diskette. For a particular cvlinder, data will be 
transferred starting at sector j, Eide 0 and completing eat sector tite 
Side 1 (sector L_ = last sector an the ¢i1de). Note, this function pertains 
ta only ene cylinder (the same track) Gn Bach side of the dickette. 


Since N is non-zero (tset to 02 on WD1LO0s-WAS), DIL has na meaning and is 
eet ta FF hex. 


At the completion of the Kead Data command, the head 1s. net unloaded 
until after the Head Unload time interval (specified in the Specify 


Command) has elapsed. If the Host 1s8ues ancther command berare the 
head unloads then the head eettling time may be saved between subsequent 
reads. This time out 15 particularly valuable when a diekette is copied 


from one driwe to anather. 


If the uFD7654& detects the index hole trice without finding the right 
sector, indicated with —, then the urG/SSA set= the ND (No Date) flag in 
STi to are. and terminates the Read Data command. (Status Reqister 0 
elso hae bits seven and six seat ta 9 and 1 respectively.) 


After readina the ID and data fields in each sector. the uF D7é6sA checks 
the CRC bytes. lf aread error is detected tincorrect CHC in ID field), 
the uFD76S5A asserts (sets to 1) the data error flaqin Status Reaqister 1 
and if a CRC error occurs in the data field the uFD7S654 also asserts 
the data error in data field flaq in Status Register 2, and terminates 
the Read Data command. (Status Regqister 0 also has bits seven and six 
set to 0 and 1 respectively.) 
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If the uPD765A reads a deleted address mark off the diskette. and the SKE 
bit (bit DS in the first command word) is de-asserted, then the uPD/E6546 
asserts the CN (Control Mark) flag in Status Reaqister 2, and terminates 
the Read Data command, after reading all the data in the sector. i ee en 
is asserted, the uFD7V6S5A skips the sector with the deleted address mark 
and reads the next sector. The CRC bits in the deleted data field are 
not checked when SK 1s asserted. 


During disk data transfers between the uFD/SsA and Host, Via the 
System Data Bus, the uF D76546 must be serviced by the Host every 
27 usec in the FM mode, and every 13 usec in the MFM mode, aor the 
UF D765Q acserts the OR (Overrun) flaq in Status Register i, 
terminates the Read Data command. 


and 


If the Host terminates aread (or write) operation in the uF D7LS5A, 
the ID information in the Fesult phase 15 dependent upon the 
the MT bit and EQT byte. 


then 
state of 
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3.3.2 READ DELETED DATA 


- Phase ?!} ReW UF D765AQ Data Eus Remarks 
‘ {py :Dd6 10S :D4 :DS :D2 ;Di dba |} 
: H ' 

Command + W eMiy oiMrF Sk o:; oO + Lt: di Oo | O {Command codes. 

i W r X + X ¢ RX t X¥ t ®X GHD +US1IUSOIX = don’t care. 
: : (Usually set to zero. 
: H (USL and USO set to zera. 
' : (Umit selection verformed 
: H iby Floppy Input FReqister 
; W payee ee to eee. Seat eeea ease eos Feet am Jt) Itt ormation 4 
; W SSS SSS eS, A! SSeS et See prior to command. exe= - 
4 W (oe ere er I Seo See Se Cul « The four bytes 
; W ree SSeS Nh. SSeS SS Se SSeS See Aare COMmmanced against. 
‘ W pe eee ee ee Sete OP Ss eee a ieee Pea el On: + Loney di eie | 
: W Se BP Le nmr rr ree ae 
: WwW fo RSet meres ene met tne ane cee [YY [tent me ete ee en teemneimmcine | 

Execution: \ iData transfer between } 
H 1 ifloppy drive and Host.! 

Result ' FY LSS Se Sa ae eaStatus anformation : 

: FR NE acacia See SB) Lee Sees eS SSP LArLer cCammiand execution. 
' F i ae loet inattention 2S Sa eS oy ' 
' F! (ior a ee ieee ee Gee Tar TD batormati on: | 
' FR = SS aA) Meee eee ee eaxafter cammand execution. 
: FR eS SS ee ee Fi: Seererectte eee area S| H 
i R SSeS Se ae hae ees Pan 


C (Cylinder number) desiqnates the current (selected) cylinder track) 
numbers QO through 74S of the medium. 

t+ ‘Head address) is the head number, GO or i, as enpec3 fied in the IPD 
field. 

KF (Record) indicates the sector number which will be read or written. 

N (Number) represents the number of data bytes written in a sectar. 

EQT {End of Track) denotes the final sector number an a cvlinder. 
During Read or Write aperationse, the uF D76é5A will setop data transfer 
after a sector number equal to EQ). 

GFL (Gap Lenath) contains the lenath of qap 3s During Read/Write 
commands, this value determines the number cf bytes that VCO SYNC will 
Stay de-asserted after twa CRC bytes. During the Format, Grrl determines 
Gap 3°S size. 

DTL (Data Length) When N is defined as 00, DTITL represents the data 
Jenqth which the Host is qoing to read out ar write into the sector. 

STO through STS (Status O through Status 3) describes the four reqisters 
which store the status information after a command hast been executed. 
This information i5 available during the result phate after command 
execution. These reqisters should mot be confused with the Main Status 
Reqister (selected by de-assertion of SAOKH). ETO throuah STS may be 
read only after a command has been executed and contains information 
relevant to that particular command. 


The Read Deleted Data command is identical to Read Data command except 
that when the uF D76é5A detects a data address mark at the beginning of a 
Gata field (SK de-atserted), the wFD7SSA reads all the data in the 
sector and aeserts the CM flaq in Status Register 2, and terminates the 
command. If Sk is asserted, then the uFD/SSA skips the sector with the 
Gata address mark and reads the mext sector. | 
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ceoe oe WRITE DATA 
Fhase ' RSW of uF’-D76SAH Data Bus : Remarks 
D7 :DS :DS !D4 [Ds [DS :D1 :Da $ 


Command Command codes. 


1 ' : 
HD tUS1;USOI* = don’t care. 


x a} 
et 
- 
- 


ae *TF ee 2 woe 


Usually set to zero. 
USi and USO set toa zero. 
‘Unit selection performed | 
‘by Floppy Input Feqister. 


W Se a ae (Co Sree Ser ee, OC CO «LD itt ormabion: 
W (SSeS ee fy eS ae oe Fs -sprior to command exe- 3 
W fe See: [Ae CAP ee S eee Vee ACOs, Tine teu pyres 
Wo {eee See EH Sees eee eae are onmanded. aGainet. | 
Web rere ere crm en EO) [once ne cere mere rn mmceomnen Se Shheader on floppy disk. } 
WW a ee ee GEL See es ee ' 
W : mete eis ce ath Peay cea ar Mane ak Soe Oe 0 Olen ete “ts, ' ‘ 
Execution :Data transfer between | 
' Most and floppy drive. 
Result ot Ro ptm TQ rrr mmr mmm mm Status information 
| yO Ueto eee at Ler COMmmanG <e42CNt 11. 
' ‘ Ba ee Bee ee eee ee ee : 
i a ig eS ere oD. Se ee eres eC EOI AD at Paiite i or. «4 
Se ee Se ee py Seer eee ee ee at Cer COMIC eect 1-Oll~ 
: fr ee es Cee eee een aes eo ' 
Fe Bo me ee Pl eee ee ee ee 
C (Cylinder number) desiqnates the current (selected) cylinder (tivack) 


numbers © through *S5S of the medium. 

H (Head address) is the head mumber, 0 or jl, as speciiied in the ID 
field. 

RK (Record) indicates the sector number which will be read or written. 

N- (Number) represents the mumber of data bytes written in a sector. 

EQT (End of Track) denotes the final Sector number on a cvlinder. 
Durina Nead or Write operations. the uF’ D765A will stop data tranefer 
after a sector number equal ta EVT. . 

GFL (Gap Lenath) contains the lenaqth of Qap GS. During Kead/Write 
commands, this value determines the number of bytes that VCO SYNC will 
stay de~-asserted after two CRC bytes. Dur-inq the Format, GFL determines 
Gap 3's size. . 

DTL (Data Lenath) When N is defined as OO, DTL represents the data 
lenath which the Host is aqoing to read out or write inta the sector. 

STO through STS (Status O through Status 3) describes the four registers 
which estore the status information after a command has been executed. 
This information is available during the result phase after command 


~ecution. These reaqisters should not be conmfused with the Main Status 
Reaqister (selected by de-atsertion af SAOKR). STO throuah STA may be 


read only after a command has been “ecuted and contains information 
relevant to that particular command. 
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A set of nine bytes 1© required to set the uFD7645A inte the Write Gate 


made. After the Write Data command hat been issued, the uFD7S5H loads 
‘the head (if the head is in the unloaded state), waits the epecified head 
settling time (defined in the Specify command), and beqins reading ID 
fields. When all four bytes loaded during the command a ie tl. RK, fy) 
match the four bytes of the ID field from the diskette, the uf D%554 | 


takes data from the Host byte-~-by-byte via the data bus and outputs the 
data to the uF D/SSA. 


After writing data into the current sector, the SE Ee er number in KR is 
incremented by one, and the next data field is written inta. The 
UF D765A cantinues this multisectar write operatian until the eeserticon 
of T/C. If the T/C siqnal is asserted, the uFD/SSA continues writing 
into the current sector to complete the data field. If the T/C siqnel 
is asserted while a data field 15 being written, then the remainder 
the data field 16 filled with zeroes. 


of 


The uf D7SSA reads the ID field af each sector and checks the CRC byte 
If the uPD/7éo08% detects a read error (CKO error) in ane of the ID meta 
the cantroaller asserts the data error flaq of Status Reqister 1 
terminates the Write Data command. (Status Register O also has 
eeven and six set to O and 1 respectively.) 


\ 


rm 


Ww. 0 
r> ul a 
vi oe 


or 


The Write conmand operates ain much the same manner as the Read commancd. 
The follawing items are the same. Reter ta the Fead Data command 
(Section 3.3.1) for details. 


Transfer capacity 

End of cylinder flaaq 

Moa data flag 

Head uload time interval 

1D information when the Host terminates command 
DTL 


In the Write Data mode, Gata transfert between the Hast and 
uUFPD7SEA, via the System Data Bus, must occur every 27 usec in the 
FM mode and every 123 usec in the NFM mode. Tf the time interval 
between data transfers is longer than this, then the uFbd/SoA 
asserts the overrun flag in Status Register 1 and terminates the 
Write Data command. (Status Register OU also has bits seven and 
six set to © and 1 respectively.) | 
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S224 WRITE DELETED DATA 
Fhase ,; RSW | UFP'D?V6&é58 Data Bus. 


: Remarks 
DY :;D4 :DS :D4 (bs :D2 3:01 :Du 3 


ow Cand ow =e wm me 


’ 
' 
' i | 
Command } W IMT iMF + OQ ft Qt ti os Ot 1 tCommand codes. 

> W § X 6 Xt KX s KR it X HD +;USI:USO:xX = don't care. 
' ‘Usually set to zerg. 
! (US1 and USO cet to zere. 
’ »Unit selectian performed 
| iby Floppy Input Regqieter 
b Wh (aes eee. 0. eee eee ee Sector LD: tit or mati on... < 
ee Pf SSS ee ero SSS Oreo Eo command exe= 4 
UA! SAGs See i . Set ene CU VOM. Ihe. our bytes 
ne ne err ee Nos tote ern e en Glare commanded against ! 
; W a eee eee) epee a eee ee A maaer On front di ex * 
' WJ ae ee | ee ee ees ee ee ‘ : 
2 Wh (aes eee Lee Sa eS 

Execution: } »Data transfer between ! 
‘floppy drive and Host. } 

Feecault ' Fe SSeS ee SO Se ee ee ee oe Pe tiuS I rtermacion H 

,° OR See Lee See ee So at Cer Comiiahid ‘erecuri or. 
a = A en H 
' ry Sf meee cence cere me mm encom (ate ie te em mnen cena Sacer or- ID information ! 
' n eS et here es IL Cea eens et er: (COmlnancd. ee erut 1:oOn. 
Ce eee i ee. rater 
= a Gt cra eases eee AY) ate ee bee ee ‘ 


C (Cylinder number) desiqnates the current (selected) cylinder (track) 
numbers QO through 76 af the medium. 

i (Head address) is the head number, Oo ar i, as epecified in the 1D 
field. 

FR (Record) indicates the sector number which will be read or written. 

No ¢(Number) represents the mumber of data bytes written in a sector. 

EQOT (End of Track) denctes the final sector number on a cevlinder. 
During Read or Write operations, the uF D76SA will stop data transfer 
after a sector number equal toa EUT. 

GFL (Gap Lenath) contains the lenath of aqap 3. During Read-Write 
commands, this value determines the number of bytes that VCO SYNC will 
stay de-asserted after twa CRC bytes. During the Format, Gh determines 
Gap 3's size. — 

DTL (Data Lenath) When N is detined ac 00, PTL represents the data 
lenqth which the Host is qoing to read out or write into the sector. 

STO through STS (Status O throuch Status 3) describes the four reqisters 
which store the status information after a command thas been executed. 
This information is available during the result phase after command 
execution. These reqisters should not be confused with the Main Status 
Reqister (selected by de-assertion of SAOH). STO through STI may tbe 
read only after a cammand has been executed and cantains information 
relevant to that particular command. 


Write Deleted Data is identical to the Write Data command except 


ea Geleted date address mark 15 written at the beginning of the 
Gata field instead of the mormal data address mark. 
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Soa cen READ TRACK. 
Phase > F/wW ot UF D765A Data Hus ; Remarks H 
: (D7 3:D5 :DS !D4 :DS :;Db2 :;D1l ido 3 ‘ 
’ 
Command ! W (a nF iSek : O : O 4% O + 1 + YO tCommand codes. 
' W ; X + X bt RB te KR d KX CHD +USITIUSOLX = don’t care. 
‘ ’ ‘Usually set to zeivo. 
' : ‘US1 and USO set to zero. 
H ' ‘Unit selection performed 
' : iby Floppy Input Register 
' WJ th Ree eee See, (LS aes ee ete Sesto eet. 1) 2ntormation. 
: J SSeS Se fh, SSeS Sr Seas Ori or fo. caonmand ce. | 
H W th ee eerie AC ese ereinaeSeicer te eer SL LOM ~ The four bytes 
: W Pr ee NO mer ere eo mee Flare commanded aaainset ! 
: W (Se Se EO Pas aS Se Se eager oa +tlappy ai sh." 
: W SSeS Shia rae ee eee 
: W {Stee renee ee) [etree reer tere ices Fy ' 
Fxecutican: ‘Data transfer between } 
' H ‘floppy drive and Illast.} 
' ‘Floppy drive reads all! 
' FH idata fields from inde: 
ihole ta EOT. ' 
Fesult ‘ f3 (SSS See eS] Oe eee eer beats In eorniat Von 
' FR Phim oc eee ere So SS Sere ee ---S rafter command execution. 
: R 1 ae eer senate eee ee] DP ie rae ee eee : 
: R Po meen Be A). ean een ae aera erSector ID information 3} 
 , (SSS ee i reer or eer CONmane tect -OMms 
: FY : = Poets Shoes Ei ee reer rar ai R aaa 2S Sue Sn asi ac ase Ss te aan oe dae. SS ee : : 
' fF ‘ ices ikon sili Se auc ince el ial See ie aioe ff mo ee me ne ee te mee mee ae ee ee eet ee : ‘ 


i ‘Cylinder number) desiqnatest the current (selected)? cylinder (track) 
numbers © through 746 of the medium... 

H (Head address) is the head number, 2 aor il, as specified in the ID 
field. | 

FK (Record) indicates the eectcor number which will be read or written. 

N (Number) represents the number af data bytes written in a sector. 

EOT (End = cf Track) denotes the final sector number on ai cylinder. 
During Read or Write operations, the uF D7636 will stop data tranzefer 
after a sector number equal to EDT. 

GFL (Gap Lenaqth) contains the length of qQap Ss. During Read/Write 
commands, this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. During the Format, GFL deteirmines 
Gap 2°S Size. 

DTL (Data Lenath) When is defined as OO, DPYL represents the data 
lenath which the Host is qoino tc read cut or write into the sector. 

STO thrauqh STS (Status O through Status 3) describes the four registers 
which store the status information after a cammand hast been executed. 
This ainformation 35 available during the result phase after command 


executian. These register should not be confused with the Main Status 
Reqister (celected by de-assertion of SADE). STO through STS may be 


read only after a command has been executed and cantains information 
relevant to that particular cammand. 
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The Read Track command 15 similar to the Read Bata command except thet 
this is a continuous Read operation where the entire data field fireom 


each of the sectors 15 read. Immediately after sensing the index hale, 
the uPDYSSAQ starts reading all data tields an the track as continnuovse 
blocks of data. If the uPD760n finds an error in the ID or data CRE 
check bytes, the flopny controller continues tao read data from the 
track. The uFD7628A compares the ID infermation read from each sectcr 
with the value stored in the IDR and asserts the no data flag of Status 
Reqister 1 aif there 1S no comparison. Multitrack or Skip operaticn=e are 


not allowed with this command. 


This command terminates when the number of sectors read is ecual to EOT. 
If the uFD7SSA does nat find an ID address mark on the diskette after it 
senses the index hole for the second time, the floppy controller aseerts 
the missing address mark flaq in Status Register 1 arid terminates the 
command. (Status Keqister O has bits 7 and & set to & and 1 
respectively.) 
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Jeoe& READ ID 


Fhase |! R/W UP DFOSA Data Bus pO Remarks 
’ ‘D7 :D& :DS :D4 (DS ibe pi Do ft 
Command }| W $$ O YMF ' at Os tt od £ i 9 {Command codes. 
y' W $$ X¥ + X & ®t Xe ®R CHD tUSIIUSOIR = don’t care. , 
' VUsually set to zera. 
! iUSt and USO set to zero. 
! ‘US1 and USO set to zero. 
' iUnat selection performed 
y iby Floppy Inout Reqister. 
Execution: H ithe first correct JD} 
' ' rinformation om the : 
icylinder 15 stored in | 
| ' ‘Floppy Data Meqister. 3 
Result . {See eae ©} eee Se SSS ota Cie Loria ON 
' rR | a eee a Pee ee tee le Cer SCOmnianG eCxecity on: 
re Bal en ee GY De ee ee ee I ' 
r Ge: ASS Sse OG. eae eae Secor It) Baro mater 4 
. AR. aes es ee eS eee eee rea soll IO. EXeeuUC ion: 4 
RR + Reet ere rere ig, See Oe obieee:  oin: tony ote 
' Ri Wh ne ne Nee ee ee ee ! 
C (Cylinder number) desiaqnates the current (selected) cylinder (track) 


nugabers O through 756 of the medium. 

Hy (Head address) 15 the head number, or des as speciyied in the 1D 
field. 

R (Record) indicates the sector mumber which will be read or written. 
HMo(CNumber) represents the number of data bytes written in a sector. 

EQT (End of Track) denotes the final sector number on a cylinder. 
Durinq FKead ar Write operations, the ul’ D7éSA will stop data transfer 
after a sectar number equal to ET. | 

GFL (Gap Lenath) contains the lenaqth of aap <&. During RKeadsWrite 
commands, this value determines the number of bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. During the Format, GFL determines 
Gap S's size. 

DTL (Data Lenath) When N ais defined asc OO, DIL represents the date 
lenqth which the Host 16 qoing ta read out or write inta the sectar. 

STO through STS (Status 9 through Status =) describes the four registers 
which store the etatus informatian after a command has been executed. 
This informatian 1¢ available during the result phase after cammand 


“Mecution. These registers should not be confused with the Main Status 
Reqizster (celected by de-atsertion of SADR). STO through GPs ma be 


read anly after a command has been executed and contains information 
relevant to that particular command. 


The Read ID command is used to qive the present position of the 
recording head. The uFD/63A8 stores the values from the first ID field 
the controller is able to read. lf na proper ID address mark is found 
on the diskette before the index hele is encountered for the second 
time, then the missinaq address mark tlaqg in Status Register 1 1s 
asserted, and if no data is found then the na data flaq is alzZo asserted 


in Status Fegister ll. The command is then terminated with bite seven 
and Six in Status Register 0 set to O and 1 respectively. During this 


command, there is mo data transfer between the uFD76SQ and the tlost 
except during the result phage. 
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S.3.7 FORMAT TRACK 


Pa 
~ 
= 


Frhiase 


' } uP D7V6SA Data Bus } Remar ks 
H (D7 iDS& :DS5 1:D4 ibs i:De2 :Di iba | 
: H 
Command | W : O IHF + oO + O fF Ts 1 it O fF L tCommand codes. 
H J re t KX b X & KR b KX GHD t:USIIUSOIxX = don’t care. ' 
‘ ; | (Usually set to zero. H 
' { »USL and USO eet to zEera. 
, : (Unit selection performed 
' H iby Flopoy Input Feaqister. 
W ge Seno rsiesceste, [Nf crete sree theres ee 7 See toe : 
: W (eee em Se OO ee ree ee ee Torey trae 
W a a cs OE sl Oa ela a ia cee on 
! W ‘ = wesdy 50 ees ana gies Seti od . tea 5” Roce ion eee Bias D snare ins aes oe gi fs ieee aan Guanes aos G- crocs iF l ] 1 er hy ‘te ' 
Executions : rUP-D? SSA formats entire: 
H ' rtrack. } 
Result H FX eS eS SS eS eS See eee rela 214 Or nie.) On ' 
H Fi ea SS ee ie ea sa a Naa a riaarter command execution. 
' R aa ac ol Ra ea ae ; 
H FR (aS er aoe f. See eeie s ee a iS Cmees 1D : 
1 i pt, See ater imeaes: El eee Stee ee eee ee POM mak Lom fas no a 
H FY Bt mee ere oe ere me FP mee ee ee ee enn tT EAL. : 
: fv : ae Sc atten Sine oeeee (Sew as eoe sev onl Sow Slee Sse N tee ee em cme cme 6 a wee nim me wre came ee ome mee oe “Se. : : 


C (Cylinder number) destiaqnates the current (selected) cylinder (track) 
numbers 0 through 75 of the medium. 

H (Head address) is the Mead number. © or Ii, as specified in the ID 
field. 

FR (Record) indicates the sector number which will be read ar written. 
No«Number? represents the number ar data bytes written in a Sector. 

EQT (End ar Track) denotes the vyimnmal sector number on a cylinder. 
During Kead or Write aperations, the uF D763A will stop da 

after a sector number-equal to E0T. | 

GPL (Gap Length) contains the lenath ar aqap 3. Durinq Read/Write 
commands, this value determines the number af bytes that VCO SYNC will 
stay de-asserted after two CRC bytes. During the Format, GFL determines 
Gap 2's size. 

DTL (Data Lenath) When N is defined as On, DTL represents the data 
lenath which the Host 15 qoing to read out or write inta the sector. 

STO through STS (Status O through Status 2) describes the four registers 
which store the status information after a cammand has been executed. 
This aunformation is available during the result phase after command 


ta transier 


=secution. These registers should mot be canfused with the Main Status 
Feqicter ‘selected by de-acsertion af SAHIDE). STO through STs tay he 


read only after a command has been executed and contains information 
relevant to that particular command. 
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The Format Track command allows an entire track to be formatted. Ayfter 
the index hole is detected, data 15 written on the diskette: gaps. 
address marks, ID field=,. and data fields. The format is controlled by 
the values proqrammed into N,. St, GFL, and D (data pattern) which are 
supplied by the Host during the Command phase. The data field is filled 
with the byte of data stored in D.. The ID field for each sector is 
supplied ty the Host; that is, four data requests/(sectar are made by the 
uF D76SA for C, H., FR. and N. This allows the diskette to be formatted 
with nonsequential sector numbers, if desired. 


The Host must send new values for C,. H. R,. and N to the uFD7454 for each 
sector on the track. The uFPD765A issues four DMA requests per sector. 
The contents of the ff register are incremented by one after each sector 
is formatted: thus, the R register contains 4 value of Ro whem it is read 
during the Result phase. This incrementing and formatting continues for 
the whole track until the ulD/765RH detects the index hole jar the second 
time, whereupon it terminates the cammand. 


vi xX Fault siaqnal 15 received from the floppy drive at the end of eX 
write operation, then the uF D7S5A asserts the equipment check flaq af 
atatus Reqister Oo and terminates the command after setting bits seven 
and six of Status Reqister 9O to 9 and 1 respectively. Also the lass of 
a READY siaqnal at the beainning of a command execution phase 
Causes bits seven and six af Status Reqister 0 to be set ta 0 and 

1 respectively. 
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Fhase i RSW 3 uF D/LSA Data Bus Remarks : 

H ‘D7 3106 i:DS :D4 :DS :;De2 tbl 1: DO | : 
H H 

Command i VJ teif GF GSE Gl of tl Olt Oa GO bt 1 iCommand code for Scan ! 
' ‘ ‘Equal. ' 
‘ W WaT oF tS ot hub ctl dtl Ot Ol} 1 $tCommand code for Scan ! 
‘ ‘ (Low or Equal. 
: W MIT oir os Ste ob ob Gg 62 lt 2 tl ol) LL SCommand code tor Scan ! 
‘ : iHiaqh or Equal. : 
: W > X + X t KX st KX 2s KX GHD 1:USt iUSG:xX = don’t care. i 
' ‘ rUsually set ta zero. 
‘ : -+USi and USO set to zerc. 
' iUnit selection performed 
' : rby Flappy Input Reaqister. 
, J ; oo eer See (SS eee ere ee ee Cor. LD irerormer.on % 
: W 1a, eri eran es PL ae teairen tear ere ere Or fo Command exe 4 
: W i ee Sree, A Sie eee ee ee Ae oh. The four bytes 
‘ W {hme et eee ee No Serer eee el are commanded against | 
: i) SSS SSS SE aS Sa See ee -Sti; header an floppy disk. 
‘ A Be ee nee ete MP me ne en ee eee I , 
H Wl : = sir sash cesenay es G eee eaants ister —Dy] L- ila sehen ended wees SSEs ae as < ws glia ies! asada : ! 

Executions : ‘Data compared between } 
: : ‘floppy drive and Host.!} 

Result ! f ae eS ie aera ete eee PT St aris: LP ormat ion ' 
[on eae aS eae coos yaftter command executian. 
‘ = Wa me ane ee GT Dn ee ne nner eee RE ' 
GER) 2g Se eee esi See Se ee ee or. LD 2ntormeart om 4 
SO 3 eS ame a dl USS ee ar er “COmMMatd EY ecutt ion. 
; F a ac as cr ma ca aa A? SSeS eS m4 ; 
: RF ee Seer N.S este ateter se eee ee 


ibe (Cvlinder number) desiqnates the current (selected) cylinder (track) 

numbers © throudaqh 76 of the medium. 

H (Head address) is the head number, OF or il, as specified in the ID 
field. -- 

RF (Record) indicates the sector number which will be read or written. 

N Number) represents the number of data bytes written in a sector. 

EOT (End of Track) denotes the final sectar number an aiecvlinder. 

During Read ar Write operations, the uF’'DY6SA will stop data transfer 
fter a sector number equal to EOT. 

GFL (Gap Lenaqth) contains the lenath of aqap =a. During Read-’Write 

commands, this value determines the number of bytes that VCO SYNC will 

Stay de--asserted after two CRC bytes. During the Format, GFL determines 

Gap 3's size. | 

DTL (Data Lenath) When Nis defined as 00, DTL represents the data 

lenath which the Host is qoing to read cut or write into the sector. 

STO through STS (Status 0 throuqh Status 3) describes the four reqisters 

which store the status information after a command Ras been executed. 

This ainformation is available during the result phase after command 


execution. These registers should not be confused with the Main Status 
Reqister (selected by de-assertion of SADE). SO threugh ST3a may be 


read only after a command has been executed and contains imformatian 
relevant to that particular command.» | 
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The Scan Commands allow data which 1s being read from the flonpy 
disk to be compared against data which 15 being supplied from the 
Host. The uF D765A compares the data an a byte-by-byte batis and 
searches for a sector of data that meets the conditions of 
DUuFD7S65A = DHOST, DUuFD765A <= DHOST, cr DuF D7&5A += 

DHOST. The hexidecimal byte of FF either from memory or from the 
floppy drive can be used as a mask byte because it always meets 
the condition of the comparisan. One’s complement arithmetic is 
used for comparison (FF = larqest number, ©O = smallest number). 
After awhole sector of data 1S compared, if the conditions are 
not met, the sector number 15 incremented (R + STF --> RK). and 
the scan operation is continued. The scan operation continues 


until one of the following conditions occurs: 
Ls Conditions for scan are met (equal, low, or high). 


rae 


sy Last sector on track 185 reached. 

oe Assertion of T/C. 

If the canditions for scan are met. then the uF D765A asserts the 
Scan Hit (SH) flaq of Status FReqister 2 and terminates the Scan 
command. If the conditions for scan are nat met between the 
startinq sector ‘(as specified by FR) and the last sector on the 
cylinder, then the uFPD/765A asserts Scan Net Satisfied (SM) flag 
of Status Reqister 2 and terminates the Scan cammand. The 
receipt cf a T/C signal from the Host or DMNA controller during 
the scan operation will cause the uFD/SSA to complete the 
comparison of the particular byte which 15 in process and then to 


terminate the command. 

If the uPD765A encounters a Deleted Data Address mark on ane of 
the sectors tand SK = ©), then the controller reqards the sector 
as the last sector on the cylinder, asserts the Control Mark (CM) 
flaq of Status Reqister 2 and terminates the command. If SK = 1, 
the uFD7654 jekips the sector with the Deleted Address mark and 
reads the next sector. In the second case (SK = 1), the uPD74654 
asserts the CM flaq of Status Reqister 2 to indicate that a 


deleted sector had been encountered. a 

When either the STF (contiquous sectors = ol, or alternate 
Sectors = 92) sectors are read or the MT 1s programmed, it ais 
necessary to remember that the last sector on the track musct be 
read. For example, if STF = 92, MT = ©, the sectors are numbered 
Sequemtially 1 through 26 and the Scan command is started at 
sector 21, then sectors 21, 22, 25, and 25 will be read. Sector 
26 will be skipped. The index hole will be encountered before EOT 
Value of 26 can be read. This results in an abnormal termination 
of the command. If the EQT had been cet at 25 or the ecanninga 
started at sector 29, then the Scan command would be completed in 


a mormal manner. 
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During the Scan command, data is supplied by either the Host or 
‘DHA controller for comparison aqainst the data tread from the 
floppy disk. To avoid having the Overrun (OR) flaq set in Status 
Register 1, it is necessary to have the data available in legs 
than 27 usec (FN mode) ar 13 usec (MFM mode). If an Overrun 
occurs, the uFD765S5SA ends the command with bits seven and six of 


Status Feqister © de-acserted and asserted, respectively. 
Svoe9 SEEK 


§ e 
i] | 
Execution iflead 15 moves to proper 


rcYlinder. ‘ 


Fhase > RSW UF DV6S5H Data Bus Remarks 
i iDF (DS (NS :D4 1D 1:D2 Dil Do 4 
Command !} W $$ O +: ©: Of OF Lit: tt Ll :Command cade 
; W ¢ & t Xt KX p KX a A GHD +US1,US501% = don’t care. 
i ' Usually set to zero. ’ 
i YUSt1 and USO set to zero. 
, ‘Unit selection performed 
iby Floppy Input Reqiseter. 
PW Pere eee NCH cc cece cree Mew cylinder number : 


The read/write head within the floppy drive 1s moved fr-am 
cylinder to cylinder under control of the Seek command. The Hoet 


uses two of the uFD/SSA‘’s four iiundependent Fresent Cylinder 
reqisters. (Qne reaqister for each drive supported. Note that the 
WDLODR-WAS supports only two flopoy drives. ) {These reqisters aire 


Cleared only after the Recalibrate command. The uF D765A compares 
the Fresent Cylinder WNumber (FCN) which 15 the current head 
position with the New Cylinder Mumber ((NCN), and if there is a 


cifference, performs the following operations: 

FCW <= WCW: aeserts the DIRECTION (DIR) fFigqnal (A mate 
imverts this siqnal to DIR- for the drive.), and 
decrees STEF IN pulses to the drive. 

FCN & NCN: De-asserts the DIR siqnal and issues STEFF OUT 


pulses to the drive. 
The rate at which step pulses are issued 185 contiolled by 
Stepping Rate Time (STR) bits in the Specify command. After each 
step pulse issued, NCN is compared against FUN, and when NCN = 
FCN. the Seek End (SE) flaq is asserted in Status Register OO, and 
the command is terminated. At this point, the FLOFFY INTERRUPT 
(FINT) 1s aszerted. The four LSBs in the Main Status Register 
are asserted during the Seek operatian and are cleared by the 


Sense Interrupt Status command. | s 
Durinq the command phase of the Seek operation, the uFD/7SSA is in 
the Busy etate, but during the execution phase the flopoy. 


controller is in the nonHusy state. White the uFfD765A is in the 
nonBusy state, another Seek caonmand may be iceued. Thiec allows 


Parallel simultaneous Seek operations for both drives. No ather 
command cam be icsued while the uF D76HSAQ 16 Eetepping the drive. 
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If the selected floppy drive 15 Nat Ready at the start of the 
cOmmand execution phase or during the Seek operation. the Wot 
Feady (NR) flaq is asserted in Status Register O and the command 
is terminated after bits seven and six of Status Register O are 


de-asserted and asserted respectively. 
If the time to write three bytes ef Seek command exceeds 1590 usec, 
the timing between the first two step puletes may be shorter than 


set in the Specify command by as much as 1 mzaec. 
S.2.10 RECALIBRATE 


Fhase > FSW uP D76aR Data Bus H Remarks 
: ‘D7 (DS IDS i:D4 :DS :D2 bi ido 4 
Command 3 W POs OF A OF OF Ti toil iCommand code : 
br Woot KX t X & KX tb KR a KF i O 1USIIUSOIX = don’t care. 
iUsually set to zero. 
(‘US1l and USO set to zero. 
‘Unit selection performed 
iby Floppy Input Reqister. 


Executian (Head if retracted tea 


: : rTractk @. : 
The function of this command if to retract the read/write head in 
the florpy drive to the track © position. The uPD?YSSAQ clears the 
contemts af the FCN counter and checks the status of the TRACK O- 


SFlqnal from the floppy drive. While the drive asserts TRACK O--, 
the BDIR- remains asserted and steps pulses are iesued. When the 
drive de-asserts TRACK oO-, The uPD/YSsA asserts the SE flaq iin 
Status Reqister zero and the command terminates. If TRACK ©O- is 


asserted after 77 step pulses Have been lesued, the uFD7S5A 
asserts the SE and Equipment Check (EC) fladqs of Status Register 
5 ie The command terminates after bits seven and Six aire de- 


aseterted and asserted respectively. 

OQverlanping of Recalibrate commands to multiple flonpy drives and 
the loss of the READY, as deccribed in the Seek cammand. aleo 
applies to the Recalibrate command. If the diskette has more 
than 77 tracks, then the Recalibrate command should be issued 


twice to position the read/write head to track OQ. 
Cele ok SENSE INTERRUFT STATUS 


Phase i FR/W 4 uUF-D7é0°8 Data Pus Remar ls. 
: >D7 :D6 {DS :D4 ids :DS2 ;Di :Dno 3 } 
t ’ t 3 
¢ 3 % ¢ 
Command } W + . 9 § O F @ Y ti Q:iaoaya i:Cammand code i 
Result : FR Pmt ere en GTQ mmc cree eee 1 Gtatus information H 
: | H i Ai oleeeetotentontententettestantoatent FCN ---mer cee ee- Fiabout the uPbD7656 at the 
‘ | ;end af a Seek operation. 
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An interrupt siqnal (CFINT 185 driven to the Host as If) is 
generated by the uFD76SA for ane cf the following reasons: 

Ls Upon entering the Result phase of any command except 
Gense Drive Status, Invalid, or Sense Interrupt Status 
commands. ; | 

ve READY siaqnal chanaes state. 

oe End of Seek or Recalibrate command. 

Interrupts caused by reason one occurs during normal commard 
operations and are easily discernible by the Hast. Reason one 


does not require issuance of a Sense Interrupt Status command. 
The interrupt is cleared by readinag/writing to the uFD7SSA. 
Interrupts caused by reatons two and three may be uniquely 
identified with the aid of the Sense Interrupt Status command. 
This command when issued resets the interrupt sSiqnal and via bite 
five, Six, and seven of Status Peqister 0 identifies the causa 


of the interrrupt as illustrate below. 


SEEK END INTERRUFRT CODE CAUSE 
Fit & Bit 6 Fit’ 7 
c) 1 1 READY changed state. 
1 0 @) -Normal termination cf Geek oar 
Recalibrate command. 
1 i ©) Abnermal termination of Seek or 


Fecalibrate command. 
The Sense Interrupt Status cammand 15 used with the Seek and 
Recalibrate cammands which have no result phase. When the flopry 
Grive has reached the desired head postition, the uF D765A asserts 
Po The Host must then issue a Sense Interrupt Status command 
to determine the actual cause of the interrupt which could be 


Seek End or a change im ready status from one of the drives. 
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‘-S.35.12 SFECIFY 


uF D7608H Data Bus 
D7 !DS5 !1DS :D4 :DBe :D2 :dDi :D09 


R/W 


me 


Fhase 


Command 


Result 


= 
ra 
eo 
c 
c 
- 
_— 


= 


= 
| 
j 
i 
| 
! 
| 
| 
L 
[~ 
—_ 
i 
| 
( 
| 
| 
| 
i 
o 


ee ee ee eee a eS ee ee ee ee ee eS ed ee 


The Specify command sets the initial values for 


Remen ke. 


Command code 
' 
rsatep Rate Time (SRT). 
‘One to sixteen msec in 
rane msec intervals. 


ae 7" wes FF ee *Z ww 


rF1il6é = 1 msec. , 
‘ELS = 2 msec, etc. 


(Head Unload Time (¢HLIT). 
itlead unload time after: 
rocturence of a Read or: 
‘Write operation (15 tai 
P2240 meec in 16 msec i 
(imtervals). ’ 
‘Mead Load Time (HLT). 3 
rtwo to 254 msec in 2 : 
(msec increments. Not 3 
rused simce the HEAD; 
‘LOGD siqnal pin an the: 
PWDLOOS-WA2 SS UFD7OSA is 
nat connected. ' 
iNaon-DMA (ND). Selects: 
>DMA or non- DMA mode. 
(Remains de-asserted for 
FWDLOGOS-WAS. This bit 


;1sSs mever asserted. : 
each of the three 


internal timers. The HUT defines the time from the end of the 
execution phase of one of the read/write commands to the head 


unload state. This timer is proqrammable from 16 to 240 msec in 
increments of 14 msec (0116 = 16 msec, O216 = SE msec, ... WOFIG = 
“409 msec.). SRT defines the time interval between adjacent stern 
pulses. This timer is proqrammable from 1 to 16 msec in 
increments of 1 msec ‘(F16 = 1 msec, FidS = 2 msec, etc.). Ht.T 1s 


mot used since the HEAD LOAD siaqnal pin 1s not connected. 
The time intervals mentioned ahove are a direct funmction of the 
Clock (CLE cor FREP from the WD1I6CS92). Times indicated above are 


for an SMH=z clock: if the clock runs at 4MH=z 


intervals are increased by a factor of 2. 
The ND bit in this command is set to zera 


operates in the DMA mode anly. 
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‘ then all time 


Since WD1IOO3-WAZ 
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5 3.15 SENSE DRIVE STATUS 


Fhase ?{ RAW 3 UF D765A Data Bus H Remarks 
' (D7 :D6 tDS :D4 :D2 :D2 :D1l ido 4 ' 
: 
Command 3 W ~*~ oO: O44 OOF Ot 1 tt At a {Command cade : 
1 W > X t+ X ¢ KX & X t ® GHD ;USLIIUSOIX = don’t care. 
' : ‘Usually set to zero. 
' »;US1 and USO set to zera. 
' : ‘Unit selection performed 
' ‘bY Flappy Input Reqister. 
Result ' Fr a S| a. SSeS Hee Status Hegqreter 2. (not 
: : (ta be confused with the 
' : ‘Main Status Register) | 
‘ H icontaine etatus infor-} 
: mation about the floppy 
! : rdrive after commerid } 
| } | rexecutioan. 
This command may be used by the Host to obtain the etatus of the 
floppy drive. Status Reqicter 3 contains the drive status 


information stored internally in the uFPD/7465A registers. 
Sate 14 INVALID 


Fhase D RSW uF D/762A Data Bus : Remarks ' 
‘D7 :DS :DS :D4 :Ds :D2 tdi ibo |} 1 
Cemmeane: a. Wo Aes INVALID CODES Se -SS——= fiInvalid command code 3 
: itNo Operatian: uFD7éE54! 
1 remters Standby state.) 
Result FY po ee eee eres SO SSS e- Sea -1Sotatus Register © = , 
7 | 1S 
} (go. 1 


If an Invalid cammand is sent ta the floppy controller (a command 
nat previously defined), then the uFD/76SA terminates the command 
after bits seven and six of Status Register © are asserted arid 
de-asserted respectively. No aunterrupt 15 qenerated by the 
UF D765A during this condition. Rits six and seven (DIO and RGN) 
in the Main Status Reqister are both asserted, imdicating to the 
Host that the uFD765AQ is in the Result phase and the contents af 
Status Fegqister 29 must be read. When the Host reads Status 
Reaqister oO, the Host finds an 8O hex, rndicating an Invalid 


command was received. | 

A Sense Interrupt Status command must be Fent after a Seel: or 
Recalibrate interrupt, otherwise the uF D7SS5A will consider the 
next command invalid. . 

In some applications, the user may utilize this command as a No 


Op command to place the floppy controller in a standby (No 


Operation) state. 
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SECTIQCN VIx 
TASK FILES 


&.1 GENERAL 


This Section briefly describes the WD1OO3-WAS Ee, bus protocol, 
reqister structure, and command execution. 


NOTE 
Certain descriptions, e.dq. the number of drives supported = and 
floppy controller mnon-DMA mode, 1m thie manual differ sliahtly 
from the NEC uF D7S55A documentatioan. Where differences exist, the 
values and descriptions in this manual take precedence over the 
NEC uF D7SSAQ documentation. 


46.2 BUS FROTOCOL 
6.2.1 WINCHESTER CONTROLLEF: 


The Host directly loads all WD2O1VOG-0O8 tack file registers except 
the WO2S010A-05 command reqister. The WDLGLIS-37 loads the conmand 
reqister. Aesertion of IRUVI4 by the WDLIOOSB-WALS indicates either 
cammand completion or the start af a data transfer. Completion 
of a data trenmsafer occurs when the WD1IOO0F-WOAS de-asserts the BUSY 
flag in the status reqister. Therefore, the WO1L19OO2-WA2 
Winchester dick contraller does NOT ute bus protocols or phases. 
6.2.2 FLOFFY CONTROLLER 

The NEC uFD74658 command structure ic fundamentally different from 
the Western Digital command structure. Each flappy command ius 
Rmitiated by a multibyte transfer from the Host, and the resuit 
after execution of the command may alsa be a multibyte transfer 
back to the Host. Because of this multibyte ianterchanqe'i of 
information between the uFPD7SEA and the Host, it is convenient to 
consider each command as cansistinga of three phases: 


Command The uPD7S3SA receives all information required 

Fhase: to perform a.partictular operation from the 
Host. 

Fxecution The UF D/76SA performs the aperation it was 

Frase: instructed ta do. 


Result Fhase: After completion of the operation, status and 
other housekeeping information are made avail- 
able to the Host. 


Most commands require nine command bytes and return seven bytes 
Guring the Fesult phate. No foreshortening of the Command or 
Result phases is allowed. Section 5 describes the required 
Preset parameters and results for each command. 


#Fortions of this Section contain excerpts of the NEC uFD7é54 


data sheet. Reprinted with permission of and licensed by NEC 
Electronics Inc. c 1585 NEC Electronic Inc. 
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6.3 REGISTER ADDRESS NAF 

The WD1002-WA2 contains seven Read/Write Task File Reqisters in 
the WD2OLOA-CGS, a 16-bit Data Fieqister, a Fixed Disk Reqister, 
MBlternate Fixed Disk Status Reqister, a Digital Gutput Reqister, 
and a Diqital Input Register. The WD1SC?7S contains a 2-bit Floppy 
Control Reqister. Main Floppy Status and Data Reqisters are in 
the NEC uF D7SSA. These reqisters are mapped into either a 
Primary or secondary I/Q0 address. All Wanchester data, contral, 
and status information pass between the Task Files or Data 
Reqister and the Hast. The Host controls and communicates with 
the uF D7S538 directly. No on-board microprocessor controls the NEC 


uF D/6=54A. Therefore, all floppy data. control, and status 
information pass between the floppy reqisters and the Host. All 
Winchester data transfers between the WD1008-WHH and Host are 


word transfers except ECC bytes in Read Langs and Write Lonas. 
These ECC bytes are transferred in byte mode. Control and status 
bytes are also transferred between the Host and WDILIOQT-WAS in 
byte mode. The Task File Registers are multiplexed with IQR- and 
IGW- to give 14 poassible ports. Five of the Task File Reqisters 
are bi-directianal. Two of the Task File Registers have 
different definitions for read and write operation. Jumpers 
select the primary and secondary address. This allows two 
controllers in the same Host system. Howeveir, secondary ports on 
the WD1IOOS-WA? are NOT supported by any version of IBM DAS as of 
this publication date. Other operating systems are available 
that sumport this feature. 


Table 6-1 Summarizes the WDiOOZ-WAR I/O part address man. PUqQure 


6-1 SuUMMarizes the WD2ZO1DA--O5 Tast File Reqisters ee as ot 
aSssianments. Fiqure 6-2 summarizes the other 1/0 registerce hit 


assiqnments for the WD19003-WA2. Bit assianments are with respect 
to the Hast lawer byte bus terms, SD7 through SDO. The fixed 
Size/Drive/Head (SDH) amd Status Reaqisters in the WD2010A-O05 
Sliaqhtly differ fram the standard descriptions in the WDEO10O-08 
Gata sheet. Flease note that the SDH Reqister is set for the ECC 
option mode and S512 bytes per sectoar. The SDH Reqister alsa 
limits the number of drives ta two and the number of heads to 16. 
Rit 2 of the WD2ZO10A-0O58 Status Register is desiaqnated as the 
Corrected Data bit. Assertion (setting to 1) af this bit 
indicates the sector read from the drive resulted in A 
correctable ECC error. Soft errors da nat end multiple sector 
transfers. Bit 1 of the WD2O1O0A-OS Status Reqicter is desiaqnated 
as the Index bit. Assertion of this bit occurs each revolution 
Of the currently selected drive. Refer to the WD2O1LO-0O5 data 
sheet for acomplete description of all other WD20108-05 bit 
assiqnments. Table 6-2 describes the bit assiaqnments' far the 
other WD1I202-WAS control and status reqisters. 


NOTE 
Where differences exist, the values and descriptions for Fiqure 
6-1 take precedence over the WDZO10-05 data sheet. 
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i 


-The uFD7é5A contains two reqisters which may be accessed by the 
Most: the Main Floppy Status Reqister and the Floppy Data 
FReqister. The 8-bit Main Floppy Status Reqister contains the 
status information of the uFPD/SSA, and may be accessed at any 
time. The @-bit Floppy Data Reqister (which actually consists cat 
several reqisters in a stack with only one reqister presented to 
the data bus at a time), stores data. command, parameters, and 


floppy drive status information. Data bytes are read out of, or 
written into, the Flappy Data Reqister in order to proaqram or 
obtain the results after a particular command. Only the Main 


Floppy Status Register may be read and used to facilitate the. 


transfer of data between the Host and uf D7SSA. 
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TABLE 6-1. WDi0OS-WAS REGISTER ADDRESS MAF 


: I/0 ADDRESS : i 
H ‘ FLEAD ' WRITE H 
| FRIMARY !SECONDARY : : ‘ 
' DATA REGISTER } 
i H ' i ' 
H 1FO ; 170 } DATA REGISTER ; DATA REGISTER : 
H ‘ ' (16 bits) H (16 bits) ' 
H WD2O108-05 TASK FILE REGISTERS ' 
‘ : H 1 
‘ IF i ' 171 H FRACGR REGISTER ' WRITE FRE-CODF H 
H if2 H 172 : SECTOR COUNT SECTOR COUNT H 
‘ TFs i 173 ; SECTOR WUNMNEER H SECTOR WUMEER ; 
H if-4 : 174 H CYLINDER WUMEER ! CYLINDER WNUHEBER } 
' i (low byte) H {low byte) 
H 1FS : 17S : CYLINDER NUMBER | CYLINDER NUMBER $ 
H H H (high byte) ‘ (haiqh byte) ' 
i 1FS 1 17é ' SDH REGISTER ' SDH REGISTER i 
H 1F7Y ' 177 ' StAIUS REGISTER ;} STAIUS REGISTER 3 
: CONTROL AND STATUS REGISTERS 
H at Spe i i ae H ; DPIGITAL OGUTFUT : 
H i ‘ H REGISTER ~ | 
i Fe 4h ' mae ‘MAIN FLOFFY STATUS tHAIN FLOPFY STATUS 3 
i H | (REGISTER CuFD/7&5A) tREGISTER (uF D7é548) ! 
; mor cl i ed H FLOPPY DATA H FLOFFY DATS ; 
1 } REGISTER : REGISTER: : 
: ‘ ' CuF’D7&354) H CuPD76&3A) ' 
i hes ‘ Re : ALTERNATE FIXED 3 ALTERNATE FIXED ;} 
1 ; ‘ DISK STATUS ; DISE STATUS : 
i H ; REGISTER H FEGISTER ' 
; RS ee ; ahs ; DIGITAL ITMWFUT : PLOFFY CONTRCL ; 
H ' ' REGISTER © : FECISTER 
H H ‘ : C(WDLECI2) 1 


NOTE: All addresses in Table 6 1 are in hex. A Read or Write te 
If/Q address iF 9 hex (179 hex) is a Read or Write for the Sector 


Buffer. Therefore, the hardware for the 1lo-bit data register is 
the Sector Buffer. The WDOLICONOA-2Be also duplicates the WD20100- 


QS Command and Error registers for control purposes. Error cades 
for the Host are actually stored in the WDO1L1ICoOOA-22, | 
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REGISTER © a BUS DIT FOSTTICN 


6& + 38 + 4 + S&S 4 2 
: ’ 


1 : Q) 


es 


WRITE FRE-COMF CYLINDER NUMBER DIVIDED By 4 
ERROR (| BR + ECC : O 3: ID + O | AC 4 
SECTOR COUNT 5 NUMEER OF SECTORS 


TE 3: DA 
SECTOR NUMBER SECTOR WNUNDER 


uae 
am aoa =a awe a a nas om ae Ctl ee ae ae ae ee . 


CYLINDER NQ. ' CYLINDER NUNBER (LOW BYTE) 
CYLINDER NO. ' ©) : e) ' © ; Or sa O ; () ;CYL. NO. WSHE 
SDH : 1 ' a) ; 1 ; DS 1 HSS 3 HSS $ HSL +: HS } 
COMMAND : COMMAND 
STATUS f BSY | FDY | WF , SC > DFO | CRD |! IDK 1 ERR } 
FIGURE 6-1. WD20109A-05 TASE FILE REGISTER BIT GSSIGNMENT 
; REGISTER ' RUS HIT FOSITIOQN 
i : 7 1 & H So : 4 1 a : = ‘ 1 ' C) ; 
H DIGITAL OQUTFUT : 4 } x : MOEN2? PPIUENT IF DMAEN!: FRST: x »+FDSEL} 
i : H i ' ; : H ‘ ‘ 
i MAIN FLOFFY +; ROM +: DIO 3 EX » CE ; 0) H fe) > DIB ' DOE 
| STATUS (CuFD7SS5A) | i ‘ ' : i H i 
: ALTERNATE STATUS: BSY 1 FRDY 1 WE T ; SEC DRO | CRD | IDK } ERE } 
: FIXED DISK ‘ C) ‘ QO ‘ a) 1 0 PHSSEN §f FST : IEN--i 1; i 
+ DIGITAL INPUT . DCHG! WTG-tHSS-/RWC- i HSe-} HSi © HS) DSS-' PSi-} 
+ FLOFRPY CONTROL ; TWO BIT REGISTERS IN WDLSC FS ; SBI: SDE 
FIGURE 5-2. WDLGOE-WA2 CONTROL AND STATUS REGISTERS 
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TABLE 6-2 WDIOOS-WAZ CONTROL AND STATUS REGISTER EIT DEFINITIONS 
$ . 


:; REGISTER H BRIT MNEMCGNIC ' BIT NAME 
: H i ' 
‘ ; : 
| DIGITAL OQUTFUT H X ' Reserved. 
‘ ’ MOENZ2 ' MOTOR ENASBLE2 and MNOTOR H 
; MOENT ENABLEIL. Controls floppy |: 
: > Orive mators. Settina this 
' ' © bit to 9 turms off the ’ 
' ; ' associated drive and drive: 
' : » Selection can not occur. 
: H FDMAEN FLOFFY DISK INTERRUPT and 3 
DMA ENABLE. setting this 3 
: H bit to 1 qates flappy disk: 
' : { DMA and interrupt requests 
' H H to the I/0 interface. 
: H } Setting to © disables the | 
' ; i DMNA and interrupt request |! 
: H 1 drivers. ; 
‘ FRST H Setting to 0 resets the H 
' H H floppy controller. Floppy: 
‘ H reset time is 3.5 usec. |} 
: H H Set to 1 by Host software ;: 
' { enables the floppy | 
i : i controller. : 
‘ PSE: H FLOFPFY DISK SELECT. Set to! 
H ‘ H 0 selects drive A. Set to: 
: i 1 selects drive &. ; 
: i Appropriate MOTOR ENABLE 1 
H ‘ H bit must be set. i 
i; MAIN FLOFFY } x : Reserved. : 
+ STATUS } ROM H REQUEST FOR MASTER. Set toi 
H H ' 1 to indicate that the : 
: H | floppy data reqister 15 i 
H ready for a data transfer. 
, \ H Used with DIO bit. H 
} : DIO ' DATA INFUT/OUTFUT. H 
} H H Controls data transfer : 
: } ; direction. Set to vo ta H 
i imdicate data transfer is i 
i } i from Hoet to flanny 1 
' i } comtroller. Set to 1 ta ‘ 
' i : indicate data transfer 1s 1 
H H H to Host from flopny 
H H ; controller. | : 
' H EXxM H EXECUTION NODE. Set to ii 
' ; : anily during the execution |; 
H H ' phase in nom-DMA mode. H 
' CE ; Set to 1 to indicate a H 
H : : Read ar Write command in H 
H : : pracess. 1 
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TABLE 6-2 WD100T-WA2 CONTROL AND STATUS REGISTER BIT DEFINITIONS 
. (CONT ‘D.) 


REGISTER BIT PNEMONIC Bl) NAME 


MAIN FLOPPY 
STATUS (CONT‘D.) 


Set to 1 when floppy drive! 
H Kis im Seek mode. 
DOE H Set to 1 when floppy drive: 
Ais in Seek mode. 


rm 
js 
m 


ALTERNATE FIXED 
DISK STATUS 


Controller Busy Flaaq 

Ready from selected drive 

Write Fault firom selected 

drive ‘ 
Seek Complete fram selected 
drive : 
Data Transfer Request Flaq: 
Corrected Data Flaq from : 
WDLO1L1S-3 1 


iN = 
7 
4 


Index pulse from selected 
drive 


ERR Error Flaq from WD1015- 37 


FIRED DISE HSSEN Set ta 1s Enables HS3-. 

Set to O: Enables RWC- 
Reset. Froaqram controlled 
reset to board. This bit 
maintains the WDLOGS-WAe 
loqic reset as lang as this 
bit 15 on. This bit tinust be 
on for a minimum of 5.3 
USec. efter the bit is an 
for the minimum time, the 
bit must be turned off to 
complete reset function. 
Interrupt Enable. Enables 
or disables IRQ14. This 
bit does not clear the 
interrupt level in the 
disabled state. A pending 
interrupt would occur when 
the interrupt is enabled 
aqain. A system master 
reset clears the interrupt 
but leaves the interrupt 
enabled. 


RST 


IEN— 


coe *£& we @-2F we FF woe 27 wo FF we *7F wm F™ we MF we KM ae OP ee 
. 


DISIETTE CHANGE. Set to Il 
if no disckette is in the 

drive, drive doar 1s apen, 
or the drive is not ready. 


DIGITAL INFUT DCHG 


am - oe - 8e 
ee ee eee ee ee ee ee ee ee ee a a Sr er ae ee ee ee a ee ee i eed ed an oe @Y ae - - 
Wm =] we = oe 2 ew @~ ww PE ww BF ww OO ww OO we Oe OH ll Ole Oe 
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(aCLE 6-2 WD10O0R-WAZ CONTROL GHD STGTUS REGISTER BIT DEF IMWITIGNS 
(CONT ‘D.) 


REGISTER EIT PIWEMONIC CIT NOME 


WTG-- 

Mo3s-- CRWC-) 
throuagh HSo-- 
DS2=.. ( PS)= 


DIGITAL INFUT 
(CONT 'D.) 


Lreeite Gate an 

Drive head select or RWC. 
(bit 3S) for drives usina FYC- 
Drive select ‘ 


' 
‘ 
t 
’ 
‘ 
¢ 
‘ 
i] 
y 
i] 
e 
¢ 


FLOR Y CONTROL SPOIL. SBEO The WDISC92 contains a two: 
bit Floppy Control reaister. 
these registers control the 
Gata transfer rate between 
the controller and orive H 
and the data encading : 
format. The Floopy Control 
reqister bit definitions 
are as rollawe: 

SDEL Sprea 

0 i) SOO kbs MPM* 

ie) LOO khe HET 
1 () 20 kbs HRM 


i 1 125 kbs Fre 


we @=S we FT we PP wee FP we KT we OF wee OF ee FP ee FTP ee OF Oe aw we 
ww FS ww =" we § 2 woe = woe F™ we ~~ owe FF we 77 eae FF we FTF we FTF we 


\) 
1 
' 
a 
¢ 
e 
' 
§ 
Q 
§ 
§ 
i] 
'] 
§ 
i] 
§ 
i] 
i] 
] 
$ 
t 
4 
§ 
& 
t 
4 
t 
U 
4 
i 
' 
a 
t] 
§ 
’ 
a 
e 
’ 
' 
’ 
L 
' 
' 
' 
' 
’ 
4 


—~ oe FTF we F7*= wes "fF we 


{ 

*Default data rate atter Feset. ; 
Be International exchange =standard 4 OF = 1/4 wach Flopoy 
diskettes. 


Table 6-3 describes the WD1IO00O3-WAY error codes for the Winchester 
controller. 
TABLE &-3 WHIOOR- WAS ERROR REGISTER CODES 
(WINCHESTER CONTEOLLER GNLY) 


DESCRIPTION 


+ CODE 5 
i] $ § 
! § 1 
© OL 4, WNo errors 
t t ‘ 
t 1 if 
» O42 f WDeOLOR-OS reaister access error: 
© OF § Gector Burter RAM data error 
{ § ‘ 
‘ ' 1 
6 O48 7) 6 6©WOIOLS 37 to WDOIICOOR-2e reaister 
» access error or WDLICQOA-R2e Ivte: 
* ©) Pipeline reqister error 
POS Gl ID TOUS- 37 ROM checksum or RAM 
' » Gata error 
' a § 
' a f 
© OO, § Not used. Undefined. ‘ 
» OE 4 
Po thru 
1 FF 4 
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*% 4 WINCHESTER COMMAND SEQUENCE DESCRIFTION 


This section describes a typical Winchester cammand execution 
sequence. This description illustrates the relationship between 
Host and the major Winchester caontroal components of the WD10O03-- 
WA2 during Winchester command execution. 


‘In the idle state: the WD2O108--O2 drive control siaqnals are 
off. The controller status indicates ready. Drive status 
is valid. Controller interrupt is enabled but not asserted. 
The WD1015-37 is idle amd 15 monitoring the WAKEUF siqnal 
input. 


The Host cautputs the command parameters to the WD2010G4-05 
task file, the operation command (Seek. Read or Write) and 
the command attributes (Lonq mode, retry control, etc.). 
For wirite operations, the Host also outputs the sector or 
format data. 


The command byte is intercepted by the WDIICDOG-22 and is 
held for later interpretation by the WD1IO1S--=7. 


A Read command output sets the module Wakeup latch that 
Causes the controller status tG indicate Busy and the 
WDOLTOLTS-37 WAKEUF siqnal to be asserted. Write and Format 
commands first set the data request status siqnal DRO. This 
initiates the Host data trancfer. Completion af the data 
transfer (512 or S16 bytes) sats the WOHLOLIS-S37 WAREUF siaqnal 
and Busy status. 


The WRLOLS-S7 examines the command, Yerifies command 
parameters, and passes the command to the Wb20108--05 for 
execution. ; 


The WDZOLOAR-OS executes the command providing drive 
pasitioning, data transfer contral, error monitoring and 
completion status. The WD10C2O provides drive read and 


wieite data control for commands that require data tranzfers. 


Qn cammand campletian,. the WD2ZO1LOA-OF interrupts the 


WDOLOLS--37. The WD1O01S-37 examines the command, status etc. 
for ary additional requirements. Ii completion 7 
indicated, the WD10135--37 eets the controller status to. 


indicate ready and interrupte the Host. 
The WD1002-WAS returns to the idle state and the Host may 


examine drive and contreller statue, read input data, etc. 
as required to complete the operation. ; 
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' 6.5.5 NEC uF D765A FLOPPY DISK CONTROLLER 


The uFD765A is an LSI Floppy Disk Controller chip which contains 
the circuitry and control functions for imterfacinq a Host 
processor to Z# floppy disk drives. There are two functional 
interfaces for the NEC uFD76SA: the Host interface and drive 
interface. 


During Command or Result phases the Main Status Reqister must be 
read by the Host before each byte of information 15 written into 


or read from the Floppy Data FReaqister. Atter each byte of data 
read or written to the Floppy Data Keqister, the Host should wait 
for i2usec before reading the Main Floppy Status Register. Fite 


5& and 7 in the Main Flopppy Status Reqister must be in ao and 1 
state, respectively, before each byte of the command word may be 


written into the uF D/7So0A. Many of the commands require multiple 
bytes and, ae a result, the Nain Floppy Status Reaqister must be 
read prior to each byte transfer toa the urD/7&SA. Qn the other 


hand. durinq the Result phase, bits 6 and 7 in the Hain Fioppy 
Status Register must both be asserted (set ta 1) before reading 
each byte from the Flopoy Data Reqister. Note that this readina 
of the Main Floppy Status Register before each byte transfer to 
the uPD7é6é5A 15 reauired only in the Command and Result phases, 
amd mot during the Execution phase. 


Durinag the Execution phate, the Main Floppy Status Register need 
mot be read. The uFD/SSA asserts DROS when each byte of data is 
available. The Host DRA controller responds to this request by 
aetsertingqg BACKL- and IGR- sianals. Assertion of DACKS- de- 
serts the contrajller’s DRG. For Write cammands, the Host 
asserts TOW- instead of {[QR-. Arter the Execution phase has been 
completed (T/C ateserted) ar the End of Track (EOT) sectcr read 
(or written) then the NEC u7SSA asserts IRG@S. This siaqnifies the 
beqinning of the Fesult phate. When the VYairst byte of data is 
read during the Result phase, IRQ4 is de-asszerted. 


i i 1S impeartant to note that curing the Result phase all bytes 
shawn in Section 3 must be read. The Read Data command, for 
example, has seven bytes ofr data in the Result phase. All seven 
bytes must be resaad in order to successfully complete the Read 
Data command. The uF D7453A0 will net accept a new command until 
all seven bytes have been read. Gther cammands may require fewer 
bytes to be read during the Result phase. 


The uFD7SS4Q contains five Status Registers. The Main Floppy 
Status Reqicter may be read by the Host at any time. The other 
four floppy controller Status Registers (ST9, ST1, ST2, and 5T3) 
are available only during the Result phase and may be read only 
after completing a command. The particular command that has been 
executed determines how many of Status Registers will be read. 
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' The DIO and RGM bits in the Main Floppy Status Reqister indicate 
when data is ready and in which direction data will be 
transferred an the data bus. The maximum time between the last 
IOR- or IOQW- durinqa a Command or Fesult phase and DIQ and FAM 
qettinq set or reset 15 lZusec. For this reason every time the 
Main Floppy Status Register is read the Host should wait ZUSeC. 
The maximum time from the trailing edae of the last IOR- in he 
Result phase ta when CH (floppy controller Busy - data bus bit 4) 
is de-asserted (set to ©) 15 lfusec. 


The bytes of data which are sent to the uF D’765Q to form the 
Command phase and are read cout of the uF D7E56 in the Result phase 
must occur in the erder shown in Section 5. That is. the Command 
Code must be sent first and the other bytes eent in the 
prescribed sequence. No foreshorteningq of the Command or Retult 
phase is allcwed. After the last byte of data in the Command 
phase is sent to the uFD/SSA, the Execution phase automatically 
etarts. In a Similar fathion, when the last byte of data is read 
out in the Result phase, the command is automatically ended and 
the uF D7V654G is ready for a new command. 


The NEC uFD76SA aon the WD1902--WA2 is limited to basic drive 
comtrol #functiens such as head selectian and sending the STEF-, 
DIR-,. and WRT EN- siqnals to the floppy drives. The NEC u7é5 

also receives INDEX-, WR FROT-, and TREO- for drive status. 
Unit selection 18 under direct control of the Host through the 
Diqital Gutput reqister (external to the uFD’éES4). The WNEC 
UF D7S5SA does mat directly drive write data or receive read data 
from the flioppy drives. liowewer, the NEC controller does produce 
write precompensatian siqnals for the WRISC?2. 


NOT RELEASED 7 January 19°86 6-11 


SECTION VII 
, INSTALLATION 
7.1 GENERAL 


This Section describes the hardware and software installation of 
the WD1002-WA2 Winchester/Floppy Disk Controller. 


7.22 HARDWARE INSTALLATION 


This section briefly describes installation of the WD1I0OO2-WAH 
hardware. If the disk drive(s) are being installed internally, 
it is best to locate the controller in the closest available 
expansion slot relative to the drive. 


CAUTION 


Handle the controller board by the ends of the board. Some of 
the chips are static sensitive and damage may occur if the board 
is incorrectly handled. 


NOTE 


Only verifv the jumper settings in Step er Modification of 
the Standard factory jumper esettinas on any equipment described 
im this document is rarely necessary. 


1. 5 VYerify controller jumper settinas. Refer to Table 7-1 
and Fiqure 7-1 for jumper setting information. 
TABLE 7V-1. WDOLSOE--WAS JUMPER SETTINGS 
FIW DESCRIFTIGN 
CONHECTS 


H NOTE 

H ' DG NOT NOVE FRIARRY ADDRESS JUMFERS UNLESS THE 

1 ; OFERATING SYSTEM IS CONFIGURED TQ ACCEFT Tuo 

} > HARD BDISK CONTROLLERS. CERTAIN GQFRERATING SYS- 

' TENS SUPPORT TWO CONTROLLERS IN THE SANE SYSTEM. 
H 1 IEM DOS AND NANY IEMN CUOMFATIELE GFERATING SyYS- 

H 1 TEMS DO NOT SUFFORT THIS FEATURE. 

ie to ES: Standard factory setting. Selects primary add-- 
’ i resses. 

: : Standard factory setting. Selects primary add- 
i ' messes. 

i ; Selects secondary setting. 

' Selects secondary setting. 

1 ; Standard factory setting. Supports 360 RM 

i | floppy disk drives. , 

H Jumper in this nosition. Selects 300 KFM floppy 
; 1 Gisk drives. 


ES to E& 
1 to E2 
4 to €3 
7 to EB 


8 to EY 
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FIGURE 7-1 WOLOOS-WAS JUMPER LOCATIONS 


Zs Verify termination on last drive. Verify proper set- 
ting of drive select switches oan drive, 1.€&. set the 
drive select switches for drive select lor 2. Refer 


to your system owner’s manttal for iainformation of 
information on praper drive termination and select 
switches. 


sore Remave the blank expansion Flot bracket. Fut the 
bracket away and save it for possible future use. The 
ecrew will be used ta hosjd the mew controller board in 
place. 


4. Attach S4-pin control connector pin 1 to JS pin 1. 
ee Conmmect comtral cable ta drive. 

6. Attach 2O-pin data connector ta J4. 

Te Attach 20O-pin data connector to Js (drive DPD ar 2). 


9. Comnect data cables toa drives. 


rue Attach B4-pin floppy cable connector to Ji. Commect 
cable ta floppy drive. 


102. Attach Winchester activity LED connector to Js. 

Lise Install the contreaoller board inte the expansion slot. 
Make sure that the board is ¢eated properly by press- 
imq down on both ends of the board. Secure the boerd. 
with the bracket screw. 

i aca Remove or disable anv other sloppy controller in your 


system. 
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7.3 SOFTWARE INSTALLATION 


Italy abalone tS staan Nes ation estat att eld maa Manethinide Sith 


This section contains instructions for preparing (low level 
farmat, etc.) your operating system to recoqnize the Western 


Diqital cantroller. 


j. Insert your system Diagqnastic Diskette (or equivalent). 


ae Turn on the power. 


aes Foot Diaqnostic and select 


4. Set clock etc. 

CaAUT 1 On 
Avoid system damaqe by consulting your 
to ensure that your drive type 156 
tables. Not all AT-campatibles share 


che Select proper Drive Tyne. Consult your Technical Keference 


Manual for further informat 


MOTE 


Steo 6 requires execution of low level 


Advanced Dieaqnostic tor similar proaram 
necessary simce the WDLDO2-WAS ca 


Inout/Qutput System (BIGS) ROM. 
&. Insert 
low level Format. 
ye Insert System 
the system finishes the low 


LoaGg and execute the FDISE 
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Supparted by 


your .Advanced Diaaqnastic diskette 


Diagnosztic Dickette 


cetup opticn. 


Technical Fleference 
Your Hoet 
(dir 1 Ve 


mMmamiual 
IOS drive 


the same tables as 


10n on these parametere. 


formatting. Use of the [Et 
for IEM--compatibles) 1= 
ntains no om-board Easi 


and execute 


for equivalent) after 


level Format. 


and FORMAT pracgrams. 


Tish. 
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WD1002-WA2 


WD1003-WA2 


HARDWARE DIFFERENCES 


WD1002-WA2 


1. Host interface and buffer 
management is in discrete. 


2. Uses WD1010-05 Winchester 
controller. 


4.Floppydata separation is 


in discrete. 


5. PCB is 4-layer design. 
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WD1003-WA2 


1. Uses WD11C00-22 (BMAC) or the 
WD11C00A-22 (RMAC) for host inter- 
face and buffer management. 


2. Uses WD2010-05 Winchester 
controller. 


3. Uses WD2010-05 which has on-chip 
ECC. 


4. Uses WD16C92(FRWC) for integrated 
floppy data separation. 


5. PCB is 2-layer design. 


% 


Comparison of Radiated Harmonics in IBM-AT System 


of two W.D. Controllers 


Production Board 


Freq, Mhz 1002-WA2 
40.07 49.5 
41.45 sg 
47.00 = 
60.07 42.5 
63.36 49.8 
66.08 
72.08 ~ 
Toei 43.8 
81.32 49.7 
84.97 49 
86.7 50.4 

110.23 = 
115.6 ~ 
120.10 - 
13264 on ee 
144.09 = 
1500 are 
168.09 = 
204.13 50 «2 
216.19 54.6 
240.17 5A é2 


*6 Mhz harmonic of IBM System Clock 
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Final artwork 
1003-WA2 


This comparison shows the FCC testing done on both the WD19002-WA2 


and the WD1003-WA2. 


In all cases except for those noted, 
shows improvements over the WD1002-WA2. 


WD100 3-WAZ2 


The FCC Certificate of Approval is expected to be available by the 
end of April and can be provided at that time. 
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WD1002-WA2 WD1003-WA2 
FUNCTIONAL DIFFERENCES 
WD1002-WA2 WD1003-WA2 


1. (Not avilable) 


24 (Not available) 


3. WD1002-WA2 Step Rates: 


‘For5 MHZWCLK: 

R3-Ro = 0000 — =35 ys. 
0001— 5ms. 
0010 — 1.0 ms. 
0011— 1.5 ms. 
0100 — 2.0 ms. 
0101 — 2.5 ms. 
0110 — 3.0 ms. 
0111 — 3.5 ms. 
1000 — 4.0 ms. 
1001 — 4.5 ms. 
1010 — 5.0 ms. 
1011 — 5.5 ms. 


4. (Not available) 


1100 — 6.0 ms. 
1101 — 6.5 ms. 
1110 — 7.0 ms. 
1111 — 7.5 ms. 


1. If Write Fault (WF) is latched, 


it can only be cleared by a reset 


(hardware/software). 


If WF is detected during a Write 


operation, then the Write operatic 
is retried once before reporting ¢é 


error (if retries are enabled). 


3. WD1LOO3-WA2 Step Rates: 


For 5 MHz WCLK: 


R3-RO = 0000 — 35usec 

0001— .Smsec 1100—6.Omsec 
0010—1.0msec 1101—6.5msec 
0011—1.5msec 1110—3.2usec 
0190—2.0msec 1111— 16ysec 
0101 -—2.5msec 

0110 — 3.0msec 

0111—3.S5msec 

1000 — 4.0msec 

1001 — 4.5msec 

1010 — 5.0msec 

1011 —5.5msec 


4. Faster restore operation 
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The attached comparison list shows the FCC testing done on both the 
WD1002-WA2 and the WD1003-WA2. In all cases except for those noted, 


the WD1003-WA2 board shows improvements over the WD1002-WA2 


The FCC Certidficate of Approval is expected to be available by the 
end of April, and can be provided at that time. 


